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I. Introduction

During the past two or three years, the users of the Joyce=Loebl digital
microphotometer at the University of Maryland have written a number of
programs to reduce the data obtained from this instrument. Whilst the aims
of the Astronomy group and the Fluid Dynamics group are similar in many
respects the programs which each group has developed are quite different.
Only the first program, which reads the tape written by the microphotometer,
is common to both groups, Before discussing the programs it is desirable to
discuss the details of the microphotometer and magnetic tape recorder since
they have played an important role in the development of the programs,

The microphotometer is a Joyce-Loebl Mark IITI CS instrument which has
been modified by National Instrument Laborastories so that the information on
the transmission of light through a specimen may be written on magnetic tape.
The magnetic tape recorder was supplied by the Digi-Data Corporation., During
the time which the microphotometer has been st the University of Maryland
a number of asttachments have been added and the current system is a very
versatile one,

The microphotometer is of the double beam type. A change in the
transmission of light through the specimen is balanced by a compensating
nmovement of an optical wedge, In the conventional instrument a pen is attached
to the wedge and draws & record of the wedge position on the graph paper
placed on the recording table, The motion of the wedge is accompanied by

a rotation of a shaft, 1In the digital version an encoder is mounted on this



shaft and the wedge movement is determined from the rotation of the encoder.
Full scale deflection of the wedge corresponds to a rotation of 1,7k turns
of the encoder and thus, since the encoder has a resolution of a hundredth
of a turn, the encoder reading, and consequently the number written on
magnetic tape, will lie between 1 and 1Tk,

The main difference between the conventional and digital forms of
the microphotometer concerns the driving of the specimen teble, In the
conventional form of the instrument the specimen table is linked to the
recording table by means of a ratio arm and it is the recording table which
is motor driven, The use of different pivot points for the ratio arm allows
for different magnifications on the tracings. In some early work, for
example, a ratio of 50/1 was used whereby the movement of the recording table
over its full travel of 10 inches moved the specimen a distance of 0.2 inches,
After the recording table has moved through its full travel, the linkage
between the two tables is unclamped and the recording table reversed to its
'starting point, The linkage is then clamped and the whole process repeated,
Tracing a long one dimensional specimen is thus somewhat tedious since it is
necessary to perform the clamping/unclamping cycle approximately every
ninety seconds,

The ratio arm system is used in the digital version of the microphoto=
meter to trace two dimensional specimens, The recording and specimen
tables are clamped together permanently, After one sweep of fhe recording

table it is reversed back to its starting point thereby bringing the specimen



table wack to its starting point, Whilst the two tedbles are reversing,
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the specimen table is being stepped in the direction normal to the direction
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dota sampling is controlled by é commutator which is linked to the back
toble by two timing belits, and itis possible to vary the numbe; of data
samples beitween 5 and 100 per inckz of travel of the recording fable..

One uixensional’ébeéimené; such as laborslory or astronomiéal spehtra,
are most conveniently traced with the screw drive attachment, Tﬁis attache=
ment drives the specimen table directly and no linkage is needed betwéen the
recording and specimen tables, The commubtator controlling the data
sampling in this mode is driven by the screw drive motor and the sampling
distance between succecsive data semples is variable between half a micron
and ten microns, A screw drive such as this ié standard practice in micré;
photometer design. However one ccmplication méy be desireble when the
instrument is used in digital fori, Tracing & long specimen mey result in
the output record being too long for convenieant input to the computer, For
example, the IOCS routines for the I3l 7094 are restricted to records of 5999
words or less. The current Joyce-Loebl system aliows a choice between
writing récords of unspecified length and writing records of 400 words. In

the latter mode of operation when a counter indicates that 400 words have been
written on tape the screw is declutched from its drive motor, the commutator
is clamped and en inter-record gap is written on the output tape, The screw

is then re-engaged with its drive motor, the commutator is unclemped and

another record of 400 words written on ape.,
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The transmission data of a particular specimen form a number of
records on tape. The data is written in BCD at a densitv of 200 BPI.
Each transmission value is a three digit number with each digit forming one
column on seven track tape. Since six columns make up one computer word,
one transmission value forms only half a word. Further data, such as the
number of a particular specimen, may also be written on tape. This data,
known as fixed data, consists of twelve decimal digits which are manipulated
by rotating wheels on the tape recorder. These data are written on tape
simply by pushing a button. Further buttons allow the insertion of
interrecord gaps and end of file marks. It is impossible to read the
microphotometer tape by using the normal Fortran READ statement. It is
however quite simple to read the tape and convert the BCD data into the
normal binary computer form by writing a small program which uses assembly
language as well as Fortran. This program, which has been written for an
IBM 7094, also uses many I0CS routines. It would be quite possible to
rewrite the program for a Univac 1108, using the ITEM HANDLER to read the
tape and converting from BCD to binary by using the Fortran Field Function

or using assembly language.
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The following pages give details of five computer programs written

to analyse digital microphotometer data. These programs are:

i) Program number 1., A generél program to read the tape produced by the
microphotometer, convert the data from BCD to binary format, supply a
listing of the data and write a high density copy of the converted data.
The listing of this program forms Appendix A.

ii) Program number 2. A program to convert the microphotometer data to

an intensity scale using laboratory calibration data. The liéting of this
program forms Appendix B.

iii) Program number 3. A program to check the calibration used in program
2. This program is listed as Appendix C.

iv) Program number 4. A program to convert the microphotometer data to an
intensity scale using calibration techniques employed in stellar spectroscopy.
This program is listed as Appendix D.

v) Program number 5. A program to identify lines in stellar spectra. The
input data is an estimate of the starting wavelength and dispersion and a
data tape containing a list of lines which are expected to occur in the

“stellar spectrum. This program froms Appendix E.



Program 1

PROGRAM TO READ MICROPHOTOMETER TAPE
AND PERFORM DATA FORMAT CONVERISION.

The sole purpose of this program is to read the tape which has been
written by the microphotometer, to convert the data from the BCD coding
of the microphotometer to the binary coding of the IBM 7094 computer
and to write out the information on tape for further processing by subsequent
programs. The program is a mixture of Fortran IV and assembly language
and uses some of the IBM IOCS routines. It is a pleasure to record that
the original version of this program was written by Mr. H. Wendlandt.

The program begins with the request to the computer operator to mount
the appropriate tapes on the tape drives. In the particular case of the
listing given in appendix A he is asked to mount tape Bell 1 on A5 and a
scratch tape on B6. We also ask him to put the A channel density switch on
800/200. Since each microphotometer transmission value occupies only half
a word on tape, it is possible for an input record to contain a half integral
number of words. This is very unlikely to happen with tapes which have been
written by the 7094 and the operator is consequently warned (when such a
record is read) by the TWI light flashing on the machine console. To avoid
termination of the job because of this we warn the operator that the TWI
light may flash, We then ATTACH drives A5 and B6, it being necessary to
ATTACH A5 only because we are going to use low density. The control and ID
cards then follow. The program begins with the COMMON statement defining the
variables used in both the Fortran and assembly language programs. These
variables are:

IN The array where the microphotometer data is stored.



IEOF

IERR

IREEL

NER

NF

NR

IC

ouT

IND

LI

The end of file indicator, normally zero, but set equal to one
after reading an end of file,

The error indicator, normally zero, but set equal to one when an
error occurs on reading tape.

The number of input files, These may be on either one input tape
or several tapes. In the latter case drives A5 and A6 are used for
input and the FILE card is altered to:

1 8 16

A5 FILE A5A6, CKl, UT5, BCD, BLK = 9999, INPUT, REELS

and A6 must be attached as SYSUT5. The A5 tape is processed first
end when an end of file is encountered on this tepe the processing
of the A6 tape begins immediately,

This array is used to indicate if the microphotometer date is erroneous,
Normally it contains zerces but it is set to unity if the data does
not lie in the range 1 to 1Th.

The file number on the output tape.

The record number on the output tape.

The number of significant data numbers in the output tape record.
This array contains the fixed data.

The converted microphotometer data.

This array is used for temporary storsge in the conversion routine,
This is set to unity if the first word in the input record is fixed
date information,

This is the length in words of the input record.
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The next statement, CALL FIXIT, is inserted to stop the 7094 tape
drives from making 100 retries if errors occur on reading tapes. The FIXIT
routine changes the 100 tries to 3. After setting some indicators we read
the number of files which are to be processed (IREEL) and OPEN the input
and output files by the CALL OP statement. We then read a record by the
CALL RA5 statement. We update the input record number, NR, and check to
see if the record is, in fact, an end of file. We then check to see if the
length of the record, LI, is greater than 9999, If it is, then we must
terminate the job. Unfortunately, in view of the very large records which
the microphotometer can write, it is quite possible that a huge record will
be read by the 7094 and this will overwrite the program. In such a case,
the ITEM HANDLER routine of the 1108 must be used to shorten the records.
We then load the last word of the input record into N and call the conversion
routine to see if the last half word of the input record is a genuine piece
of data., If it is genuine, then the total length of the output data is
2*LI whilst if it is not genuine then the length is 2#LI-1, However, an
input record of 9999 words will generate 19998 words to be output, since
each input word forms two output words. This is far too much data to be
output as one record and so we choose to process the input data 500 words
at a time. If an input record contains less than 500 words then we process
the complete record. The processing is done in the DO loop beginning
at card number 48 and continuing to card number 70. Any data which

does not satisfy the requirement that it should be between 1 and 174

is detected and its location, in terms of file, record and word, is
punched out on cards. After conversion of the input data we store
information in the fixed data area D, if necessary, and we write the

converted data out on tape, with the CALL WB6 statement, and also print
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each record. Any data errors are also listed on the printed record. It
will be noted that we again use IOCS routines to write out the data
although there would be no objection, apart from the efficiencv loss, to
using normal Fortran WRITE statements. After having processed 500 words
of the input record we check to see if we have completed processing the
input data. If not, we return to card 48 and repeat the procedure whilst
if processing is complete we return to card 23 and read another input record.
The reading of input records is terminated by reading an end of file which
causes IREEL to be diminished by 1 and then checked to see if it has
become zero. If IREEL is still nonzero an end of file is written on the
output tape by the CALL WIN statement after which the whole process is
repeated. If IREEL is now zero we close both the input and output files
and terminate the job.

A listing of this program is found in appendix A.
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Program number 2 - Fluid Dynamics

Program to reduce microphotometer data to an intensity scale using

a wavelength dependent calibration curve.

One of the problems of photographic recording of the light from
laboratory plasmas is the reduction of this data to meaningful quantities.
Most laboratory sources using photographic data recording generate much
more data than can be reduced by usual hand reduction techniques. To
partially alleviate this problem, a‘computer code has been written to
reduce the microphotometer data to an intensity scale using an external
wavelength dependent film calibration.

This program was originally written as an aid in the reduction of
data from a gas driven shock tube in the Institute for Fluid Dynamics and
Applied Mathematics although the routine is of sufficient generality that
it can be used for other purposes. The majority of the research using the
shock tube is concerned with the measurement of atomic transition probabilities
of the light elements. Although extensive photoelectric recording is
used in this experiment, a large part of the data is recorded using a time
resolved drum camera spectrograph combination. The films from the high speed
drum camera are developed using a standardized procedure and reduced using
calibration films developed under identical conditions.

The advantages of computer reduction of the time resolved films are
many. The growth of a particular spectral feature in time can be followed.
An optical depth correction for bulk absorption is included in the code.

One of the biggest advantages in the use of the routine is that all of

the spectral features are reduced and the additional effort required to look at
additional details in the same spectra is much reduced over a similar hand
reduction program. As an example of the value of this program the transition
probabilities of 180 lines were measured in about 1/3 the time required for

a similar earlier investigation.
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The purpose of this program is to reduce density data from the Joyce~-
Loebl microphotometer to an intensity record using a wavelength dependent
film calibration curve. The input density data is the output from
Program number 1. The tape read and writing procedures are similar to
those in Program numbgr 1. The following describes only the Fortran IV
portion of the program as the IOCS code is similar to Program 1. The
tape read and write statements are also similar to those used in Progfam
number 1,

The calibration data for this program is generated using the carbon
arc as an intensity source of unit strength. The light from the carbon arc
is attenuated by a known amount using either a calibrated step filter or
a neutral density wedge of known transmittance. The wavelength dependence
of the attenuating material must be known so that the final characteristic
curves [density vs. &n I] can be normalized to the unattenuated carbon
arc intensity.

Usually a characteristic curve is generated from the calibration films
at wavelength interval of about 100 2. Other wavelength intervals could
be used, but 100 R was chosen because of variations in film sensitivity
with wavelength. It is not necessary to pick wavelengths in equal increments.

The film calibration data for the programs consists of values of density
read at equally spaced increments of In I. Because of the  iteration

procedure used in the program it is necegsary that all of the values of
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[In I] have the same increment., Each data card contains numerical data

from the characteristic curve at & given wavelength, The first entry on

g date card is the wavelength, then the number of points of calibration

data on the card, and finally the density wvalues on the given points of

In I, The values of 1n I are read in as a vector (RAD) after the density
values, See the listing in appendix B for sample data and format instructions.

It should be pointed out at this point that it is necessary to have
two calibration cards at lower wavelengths than the lowest wavelength from a
shock tube spectra., This is necessary because of the iteration method used.

We often experienced considerable difficulty in fitting together
several calibration films to cover a wide wavelength region. For this
reason a computer code has been written to assist in plotting parameters
associated with the calibration data and is listed as Program number 3,

Figure 1 outlines the basic procedure used in the computations., As
the program is now orgenized, it is set up to reduce 70 mm film from a JACO
£/6.3 spectrograph and drum camers combination. The reduction of films
from a spectrograph with a different dispersion or different film length
can be carried out by changing a few constants,

The basic method of operation of the program is (1) average clear film
density data, (2) subtract averaged clear film value from reading, (3) con=
vert to real density, (4) convert density to intensity using calibration
curve, (5) optical depth correction, (6) plot and print results as a function
of wavelength., These procedures are discussed in order in the foilowing

paragraphs and are shown in Figure 1.
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Figure & Flow Chart for Computer Reduction of Data
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A particular film record is marked by the twelve digit identification
numbers C(x) which consist of four three digit numbers, Only the first two
are important for the operation of the program., The first digit (JJ) of
C(1) defines which density wedge was used to trace the film., The density

wedges are numbered as follows,

JJ nominal density range of wedge
1 Jhd
2 .84
3 l.2d
b 1.64
> 2.1d
6 2,4
T 3.14

The second digit (JF) of C(1) is used to define the region of film

which has been traced, The definitions of JF are shown below,

JF region scanned
1 clear film background
2 first trace across film
3 second trace across film
4 third trace across film

C(2) ie usually used to record the position in mn of the trace from some
reference point, usually taken at the point where the spectra begins., C(3)
and C(L4) are used to label the film, All of the numbers c(l) - C(k) are
printed out on each record and on each Cal Comp plot.

The procedure for aversging the background clear film readings is to
average twenty points and store as a vector in memory [VB(xxx)]. After all
the clear film data has been read, and stored in memory, a "numerical filter"

is used to remove any large sudden jumps in the stored background data,
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The data from the scen of the spectral region is treated in groups
of twenty points, All twenty points are treated as having the same wave-
length (DAM)., The correct calibration curve at a particular wavelength

is generated with a 3-point fit using

Yo
y(x) = ¥y - (A=2;) E + (a=1,)

I3=¥y - Yo=Yy }} (2-1)
(A3-Al)(k3-kz) Tié-xl)(x3.xz) J

where

Y2

Y

| A P 3 \ >

Once the correct interpolated calibration curve at a given wavelength
is generated, the [1n I] value (RA) corresponding to a given density is
found using Eq. (2-1), The intensity is found from

-] K_l]

Intensity = CON * ECA * exp(RA) [erg em™2 sec (2=2)

CON is a constant used to put a relestive intensity scale on an absolute

level and ECA is the carbon arc intensity (Blackbody at T = 3792°K), CON is
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usually found by fitting the tracing to photoelectric data. An optical

depth correction is put in using

Intengity = TAU * EBBD (2-3)

where

TAU = -LOG(1. -Y(LLO) /EBBD] (2-4)

and EBBD is the blackbody intensity at T°K.

oh o2 1 (2-5)

EBBD = AS o

The intensity values are printed out and plotted using Cal Comp plotter,
Cgs units are used throughout. The output data has units of erg cm_zsec_lel.
A reduced plot is made using only 1/2 of the total data points. A sample
output of the reduced plot is shown in Figure 2,
INPUT DATA -- See appendix B:

1. Data tape

2, Calibration curve (SE)

. Intensity scale for calibration curve (RAD)

. Temperature (T) »
. Beginning wavelength in R (Program goes from low wavelength to high
wavelength. Pick beginning number where trace begins (BEGIN)

CON - constant necessary to put relative intensity scale on
absolute basis.

Ul W

=)}
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SE (x,y)
NN (x)
W (x)
RAD (y)
NF

NR

LC

c (x)

X (xxx)

CL

E (2)

S (xxxx) -

NRD

DsSw

SCALE
RSCAL

VB (xxx)

Input film calibration matrix
Number of points of calibration data on one card
Wavelength of calibration data

Values of [1n I] needed for calibration curve

DEFINITION OF TERMS

-0:18_

In order of appearance

Tape number

Record number

Number of words in each record

Identification numbers

Datea from microdensitometer

Same as NF but for writing on tape mounted on

" "

" "

" ”"

Number of film calibration data cards

NR ” "
LC n "
C ( X ) 1"

x (xxx) n

”

1"

”n

n

"

\i

n

n

"

"

"

Number of records per piece of film, For 70 mm film, NRD = 9

Constant needed to convert 1 unit to a density.

depends upon which wedge is used
Divisions/inch on plot (low scale)

Divisions/inch on plot (high scale)

This constant

Averaged background level in microphotometer units

Temperature °K



BEGIN
CON
NILE
DAM
ECA
EBBD

COR (x)

Y (xxx)
TAU

VVV (xxx)

19—

Wavelength where scan begins

Constant to convert relafive intensity to absolute intensity
Running index to find which data group is under consideration
Wavelength on film

Carbon arc intensity. (Blackbody at T = 3792°K)

Blackbody intensity at T°K

Interpolated calibration curve at wavelength DAM

Density

Interpolated [1n I] value from calibration curve

Intensity

Optical depth

Intensity for reduced plot

A listing of this program is found in appendix B,



-=20~

Progrem number 3 -~ Fluid Dynamics

Program to check the calibration data used in Program number 2,

As mentioned in the previous section, there are several problems

connected with generating a film calibration data over a large wavelength interval.
The purpose of this program is to aid in finding flaws in the calibration
data.,

The three-=dimensional plot is used to check the internal consistency
of the film calibration. The natural logarithm of the intensity and the
density are plotted against each other on the x and y sxes for parametric
values of wavelength on the z-axis, producing a plot as shown in figure 3.,
The values of log (I) along the x-axis have been made descending rather
than ascending for purposes of ease in comparison. Any inconsistencies
in the calibration will show up as "humps" or "valleys" in the plot.

To form the graph, the values of density are fitted to those of the
logarithm of the intensity for a given wavelength, using the same method as
program 2. (See equation 2-1.) The density -- 1n (I) curve is plotted every
100 Angstrdms until the red end of the calibration is reached,

The gemma at a given density should be a smooth function of wavelength

approximately equal to a constant. For a given wavelength, it is defined eas
- dp
Yy = I 1n(10) T (3-1)

vhere I = intensity and D = density . Rearranging the variables:
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dab

22 (3-2)

vy = 1n(10) =
The gamma is proportional to the slope of the density -= log(I) curve
Just plotted. Thus, by taking the derivative of (2-1) and multiplying by
the natural logarithm of 10, the gamma of the film may be obtained via a

three point fit:

a = 1ln (10) 271 + (2x = A, = 2,) C
A=A 1 2
where (3-3)
; (r5v,) _ (y,=7,)
(A3-Al)(A3-Ae7 (xe-xl)(x3-xe)

A typical trace is shown in figure 4,
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The final plot is used to check the film calibration's internal
consistency. Any humps that appear should be investigated to check if they
really belong in the calibration. The result is shown in figure 5, From
plot 1, the values of density corresponding to the 1ln (I) for a given
wavelength are taken. Then, for six values of density chosen by the user,
the associated log (I) is found by use of (2-1). The isodensity points are
plotted every 20 angstroms from the first calibration wavelength to the
red end.

The control cards are shown in Appendix C. These cards and the tape
mounting instructions apply only to the IBM 7094. For other computers,
consult the manual of the computer involved.

INPUT DATA -~ see appendix C for sample
1. Calibration data - Appendix B & C for samples

2. isodensities

3. gamma density} Appendix C
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Program number 4 - Astronomy

Program to convert microphotometer data to an intensity scale.

It was quite clear several years ago that digital microphotometers
would be of great value in astronomy and other sciences by virtue of
the great speed and convenience with which digital data can be processed
in computers. However it was also equally clear that the complexity of
astronomical spectra required the development of very flexible programs
to take full advantage of the new instrumentation. In particqlar, it
was clearly necessary to write a program which, given the approximate
dispersion and starting wavelength of a spectral tracing, could automatically
identify the spectral lines present in the spectrum,

This problem has been attacked in two different ways but has required,
as a necessary condition for its solution, writing a magnetic tape containing
data on the wavelength, identification, oscillator strength and excitation
potential of all the lines which might be expected to be present in the
spectrum of the stars being studied. It has been necessary for this tape
to contain data on molecular lines, in particular the molecules CH, CN, OH,
NH, C2 and MgH, as well as atomic lines. The availability of such a tape
has led to the study of such problems as the interpretation of narrow band
photometry of stars. However it is now quite clear that the major gain in
knowledge which the digital microphotometer will provide will come in the
study of'problems where a conventional microphotometer can not be used. As
example of such a problem, one may mention the determination of the stellar
content of a galaxy, One may trace spectra of stars of different types using
a digital microphotometer and then add these spectra together inithe computer.
Each spectrum can be given a different weight in the addition and radial
veloé¢ity dispersion can be allowed for. The resulting sum of all the spectra
can then be compared with the actual spectrum of the galaxy. The contribution

of the various spectral types to the final sum may be varied to optimize the
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agreement between the snythesised galaxy spectrum and the actual galaxy
spectrum.

It is necessary to begin the data reduction process by using a
ﬁrogram which reduces the microphotometer data so that it is on a light
intensity scale and known wavelength scale. Subsequent programs can then
use this processed data to measure various quantities, such as the equivalent
width of spectral lines.

The purpose of this program is the conversion of the stellar spectrum
data from a photographic blackening scale to a light intensity scale. The
data which are required for this are the characteristic curve of the
photographic emulsion and transmission readings for the clear plate and the
spectrum. These data must be written on the tape in the above order. At the
present time, tracings have been made of spectra from the Mount Stromlo Observatory
and the Mount Wilson Observatory. These plates are calibrated in a slightly
different manner. The Mount Stromlo coude spectrograph has a wedge shaped slit
on either side of the main spectrograph slit and the spectrum of a continuous
light source is photographed through these slits. If this spectrum is traced
normal to the dispersion, a record of the photographic blackening versus light
intensity is obtained. The Mount Wilson spectrograph uses a series of slits of
different widths instead of the wedge shaped slits so that in this case, a series
of points define the characteristic curve. The computer reduction program
differs in the sense that the Mount Stromlo program derives the curve from
scratch, needing to know only which records contain the requisite data. The
Mount Wilson program requires that the transmission values for each strip
be entered on a data card. This latter version is the one which is listed in
the Appendix, as Program number 4.

Whilst the major purpose of this program is the reduction of the microphotometer
data to obtain the stellar spectrum on a light intensity scale, the program also

performs a few subsidiary calculations. These are the determination of the
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location of a few spectral lines and the tentative location of the continuum
level. This information is used insubsequent programs. The stellar spectrum
data is output on tape, using the IOCS routines, and the continuum and line
location data are output on cards.

The program begins with the tape mounting instructions and the ATTACH
instructions. After the control cards, which ask for the BASIC level of IOCS
on the $IBJOB card, we have the DIMENSION and COMMON cards. The variables
in DIMENSION and COMMON are:

TITLE Used to store the information on the data description cards.
ZZHT The intensity data for the Mount Wilson calibration spectra, on

a logarithmic scale.

XBIG The continuum level wvalues

DEX Used as temporary working area in the determination of the average value
of XBIG |

I7 This array designates the input records to be ignored. NF,NR,LC,DDD and X

form the input data, NF being the file number, NR the record number, LC being the
number of significant data values in the array X and DDD being the fixed data.

NNF,NNR,NLC,AD and Y are the corresponding output data.

IEOF is the end of file indicator

IERR .is the error indicator

LOLA is a synonym for LC

CALIB is the array which stores the characteristic curve
TEMP is used as a temporary working area.

NZERO is the number of averaged zero level points.

ZERO is used to store the zero level data.

KLOLA is used to sum the LOLA values for all input records
BUN is used as a temporary working area
XXHT is used to store the calibration data.

The program begins by converting the calibration data from a logarithmic scale

and opening the input and output files. We then read the first TITLE card which

is included in the data deck as a means of giving running instructions.
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TREEL define&'the-numbé: of fileg to be processed, the data from one plate
comprising one file. We then call for subroutinq BLACK in order to

determine the calibration curve. As may be seen from the listing the
'célibration curve; stored in tﬁé array CALIB, is derived by:linear
interpolation amongst the observed data points. The technique used is

to computg tﬁe light intensity corresponding to transmission values ranging
from 1 to 174 in steps of unity. The résulting data is printed and, after
.returning to’the main program,‘we read in further TITLE cards followed by

the variables I11,I12,1I3 and I4. The first I1-1 recqrds are skiﬁped. In the
Mount Stromlo program records Il to I2-1 contain the c~ ibration data but

they are skipped inﬂgﬁié)veréion of the program. Records Itho I3-1 contain
the zero data and records I3 to I4-1 are the stellar data. The I7 array,
denoting reccrds which must be 3ignored, is read after which we set the
initial values of several indices and read the first correction card. We
thenread a record from tape, check for an error in reading and for an end of
file, check to see if any correction is needed’to the numbers in the array

and check ‘to see if the record should be omitged. After this we check to see
'if the transmission at any point is greatly different from that at neighbouring
points. Such a variation could be caused by dirt or a scratch on the plate and,
provided it is restricted to a single value, it will be filtered out. Following
this part we will either call the SZE?O subroutine or will convert some stellar
data.

The SZERO subroutine must average and store the information on the
transmission of light through the c¢lear plate. The first part of this
subroutine determines the average value of the zero level for the record as
a whole in order to see if any values are anomalously large. This will detect
the presence of dirt or flaws in the emulsion, provided that they do not
occupy a significant fraction of a record. After this we average twenty zero
‘level readings together and store the result in the ZERO array. The length

of this array is stored in NZERO. This routine is complicated by the fact
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that an input record may not contain a multiple of twenty numbers and
it may be necessary to store the values at the end of one record to
use in conjunction with data at the sfart,of the subséquent record.
‘Prior to converting‘thebstellar data from a blackening scale
to a light intensity scale,‘ﬁe again check the zero data for smoothness,
this time over a large scale. The téchnique is the same as bgfore,
namely we check to see if any particular zero level is much larger than
the average value of all the zero levels. We then derive the'appropriate
index for interpolating in the ZERO array to find the zero level for
each stellar reading. We subtract the zero level from the stellar
reading, comnvert to a fixed point number and use this to interpoléte
in the CALIB array to find the stellar reading in an intensity scale,
storing the result in the array Y. We then search the array Y to
determine which member of the array has the greatest value. This value,
the tentative continuum location, is stored ih XBIG and its location
is stored in DEX. Af;e; printing out the reédrd, we fill up the array
Y from LOLA+1to 1000 with zeros and call the WB6 routine to write the
record out on tape. We then call the MINIM subroutine to determine
thé locqtions of minima, i.e. spectral lines, in the array Y.)
In subroutine MINIM‘the record length is first examined since it
is pointless to search'for lines in'a short record. The smallest number
in the array Y(J),\where 20<J<L0LA-20 is found and its value and
position stored. Supposing fhis minimum to be Y(J1), the elements of
the array with index between J1-10 and Jl+i0 are then set equal to the
huge value of 5000 after which the program finds another minimum in
the Y array. A total of seven minima are found and these are then
sorted into increasing oxder of intensity, the strongest line being
the first. These data are then printed, after which we return to the

main program.
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The record number is checked to determine'if this is the last
stellar record. If not, we return to statement 10000 and process
another record. When all records have been processed the raw
continuum data is output after which it is smoothed and output again.
Further records are read until an end of file is encountered after
which we write a file mark on the output file and either terminate
the job or return to statement 550 to compute a further calibration curve.

The listing of this program forms Appendix D.
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Program number 5. - Astronomy

Program to identify lines in stellar spectra.

The purpose of the following program is the identification of
lines present in a stellar spectrum. In order to do this it is provided
with a list of wavelengths of spectral lines which are expected to be
present in the spectrum of the star. The program has been tested using
spectra of F and G stars and appears to work satisfactorily. However,
it is not known if it would work for A type stars. For B or M- type stars
the line list currently used should be replaced.

The program is written to process stellar spectral records of 1605 words.
The first 1600 or less words are the spectrum itself and further iﬁformation is
contained in words 1601-1605. These records are produced by versions of
programs 1 and 4 which are slightly different to those described in this
paper.

Since the program is quite lengthy, a brief description is initia lly given,
together with a list of the input data cards. This is followed by a
more detailed description and list of variables. The program is listed

in appendix E.
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The complete program consists of the main program, POPE, 3 Fortran
subroutines and a MAP routine. The MAP routine has seven entry points.
OP and CLO prepare needed tapes for mounting and dismounting; WIN and
WAN position one of the tapes; RA5 and RA6 read the tapes; WB6 writes an
output tape.

The first section of the main routine deals with handling the tapes and
reading in a list of lines which we might expect to find in the observed
spectrum, This line list is genefated previously using a model stellar
atmosphere and is recorded on the tape which is mounted on unit A5. The tape
contains the wavelength and predicted stréngth of the line and a cpde number
indicating which ion is responsible for it.

The program beging by reading the quantity IFN0O3 and the data cards
describing which files in the observed spectrum tape, on A6, are to be
processed. The ﬁape on A6 is then positioned to the beginning of the first
of these files. The quantity X BEG, the estimated beginning wavelength
of the first record, is read in together with a correction factor.

A title is read in from cards - this is strictly for output purposes,
and is not used per se in the calculations. The complete list of predicted
lines, as described above, is then read from unit A5, and stored in core.

The final preliminary step is to read a group of continuum cards, which
specify the level of the continuum at a number of points in the observed
spectrum,

For a complete description of the nature of this input, see the following
section, entitled INPUT-OUTPUT (p.40).

At this point we are ready to begin the real operations of POPE. We
read in a single record from A6; this is the digitized output of the
microphotometer, converted to an intensity scale by the use of program 4.

This record contains approximately 1600 data points; the number of
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data points is basically limited by two effects. Firstly, at least 8

to 10 discernible linesvshoula be included in a block of data; secondly,
no more than 1600 data points are allowable. The first restriction is
caused by the method of identification of lines; the second by core
storage limitations and by the assumption that the dispersion is constant
within a block.

The number of significant data numbers in the record is then
determined after which the continuum levels which have been previously
read are used to normalize the relative depths from the tape A6. Inter-
polation or extrapolation is used to determine the continuum level at
a given point.

The beginning wavelength of the record and the dispersion have been
set up previously. TFor the first record the beginning wavelength, X BEG,
is read from a card, and the dispersion is assigned by a single statement
early in the main routine. For subsequent records the beginning wavelength
is incremented as described below (using the dispersion and the number
of points in the record, plus a correction factor), and the dispersion is
determined from the observed and calculated wavelengths of the spectral
lines in the observed spectrum.

POPE now takes the block of spectrum and determines the central
wavelengths of any spectral lines contained therein. Since the data
coming into the subroutine is somewhat too noisy for our purposes, and
contains many spurious "lines" caused only by noise, the first step is
to replacg each point by the average of the nine points centered on it.
This has the effect of smoothing out the noise. Figure 6 demonstrates
the effect of this averaging. Here we present a single block of data
for the star Delta Canis Majoris. The solid line is the unsmoothed dataj
the dashed line is’the result of smoothing. Here the ordinate is residual

intensity and the abcissa is the point number.
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Next, the maximum and minimum values of the smoothed data are
determined. A parameter, XSTOP, is defined as 15% of the difference between
maximum and minimum intensity values.

We are now ready to go on to finding line centers. The criterion
employed for this purpose is that a rise of at least 3% must occur in
the residual intensity on each side of the proposed line center. First
we pick out all the minima in residual intensity in the smoothed data.

Such a procedure yields a number of possible spectral line centers.

These are indicated by arrows in Figure 6. A total of 18 such were

found in this particular block of data. These line centers, in wavelength
units, are stored in SLINE (*,2); and their total number in SLINE (200,2).

The data point numbers of the line centers are stored temporarily in SLINE (*,3).

Two criteria are used to eliminate spurious minima. First, the
3% criterion mentioned above is applied. Second, all those minima which
are not at least as deep as XSTOP are removed. To suppress this last
criterion, the input variable IFNO3 is set = 1; otherwise it is 0. The
result, for the block of data in Figure 6, is 16 lines, indicated by stars.

Next we store those spectral lines which fall within five data
points of the expected wavelength'range of the record, into another array,
SLINE (*,1). The total number of such lines is stored in SLINE (200,1).

If there are no lines within the expected wavelength range, the record
number and starting wavelength are simply incremented, and the next reco;d
read. We then return to the step where we originally réad a record from A6,

We now use the unsmoothed data to determine the depth of the line,
which is defined as the minimum value of the residual intensity &ithin
thg‘range of the line. The range is defined as 1/4 of the way to

~adjacent lines. This intensity is stored in SLINE (*,3).
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The average intensity and its mean deviation are now calculated and
printed.

POPE now must correct for changes in the dispersion across the
spectrum, Should this be too severe (more than about a 1% change in
dispersion per 10 X), the subroutine will malfunction. Fortunately,
errors of this size are not met within the work done to date.

The first thing POPE does is calculate Q, the correction needed
to the zero point to make the observed and calculated wavelengths agree
as well as possible. To do this, a double sum is calculated:

! )

A A L
observed calc. e+ | A

obs —Acalc qQl

This quantity is a maximum when the wavelength coincidence is as good as possible.
Figure 7 presents this sum for three values of £ as a function
of assumed Q. The secondary peaks are due to chance coincidences
of a single line. On the basis of this figure € equal to 0.15 was chosen
for the program. There seems little chance of an error, provided that
the correct value of the zZero point lies within the raﬁge of wavelengths investigated
(1.5 )| of the suggested wavelength for the lst block, and 0.15 R for subsequent
blocks).
POPE now does a preliminary line identification. The residuals
—— observed less calculated wavelengths for the identified lines —-- are
then minimized by a least squares fit, with corrections to the zero point
and dispersion as the free parameters. Two-thirds of these corrections are
applied. The full correction is not applied, because of errors in the
correction terms, which are rather large, and which might cause untoward
errors in the dispersion and zero point if they were totally credited.

The criterion for identification in this section of the program is

coincidence in wavelength within 0.1252-
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We now return to the section of POPE where we store predicted
lines into SLINE. This is done becauée‘a‘new starting wavelength is
a&ailable, so thaf the list of‘lineS'to be searched for may‘be slightly
revised. We select only a number of strongest lines on the list, equal
to 3/4 of the number of lines present in the spectrum.

The array SLINE now contains predicted wavelengths (Col.l),
observed wavelengths (Col.2), and corresponding intensities (Col.3).
Another wvariable, IDLINE, contains the ions responsible for the predicted
wavelengths., Actual line identification can now proceed.

For each predicted wavelength, we search for coincidence in wave-
length among the list of observed lines. The tolerance is set at 0.05 X;
if no coincidence is found, the line is listed as NOT FOUND. In practice,
coincidences are found about 757% of the time; random wavelengths give
coincidences about 10%Z of the time.

All that remains is to print out the fesults of the identification
search. Should less than 60% of the lines haée been identified, we
print out the message POSSIBLE ERROR, togethef with the average intensity
minimum of the ideﬁtified lines. ,

An output tape is now written on B6. This tape contains essentially
the same information as the input tape A6, except that the data is now
an intensity séale.of 0 to 1. ‘

Finally, the starting Wayelength is incremented, and we return to
read in another block of data from A6 - This procedure continues
until we run out of data in the file we are reading; we then go on to
the next file, or $tOP, if no more files are specified. |

This completes the general description of program POPE. With a

few modifications, it is hoped that this procedure will supply nearly

foolproof identifications. However, it is to be emphasized that the
) . .

input to the program must be as specified. The following section is devoted

input~output for POPE.

to
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INPUT - OUTPUT

41l input is accomplished through POPE with its MAP subroutines.

Punched card input is as follows:

1. A single.card specifying IFNO3 (Format: I1).

2. A set of cards specifying.the number of files of speetrum to be

‘ read from. A6, together with the numbers of these files. Fommat is
I3/1013. Note that the number of files is on the first card. 'The

file numbers are on the second and subsequent cards. In practice, less
than 10 files are normally used; only two cards are needed.

3. A single card specifying the beginning wavelength (in Angstroms) of
the file and a correction to the zero point of intensity, usual 0.00.
Format is (F10.2 IX, F6.3).

4. A single card specifying the title, which is. used for output purposes
only. TFormat is 12A6.

5. A single card specifying the number of continuum cards to be input.
Format is I6;

6. Continuum cards, equaling in number the informationAinput in #5 above.
These cards comsist of a relative continuum level, and the data point in
the file to which ip refers, Format is 2F¥10.2,

Items 3 to.6 are repeated for each file to be worked.

In addition, two input tapes are needed, The first, mounted on A5, -
contains a list of pfedicted lines,'the ions’ causing them, and their pre-
dicted strengths. The tape is written in order of increasing wavelength.
Three hundred lines are blocked to form one record and each line has three
parameters: wavelength, ion, strength (on a logarithmic scale). The
ﬁavelength fange.covered is normally 3000 Z to 6600 R, but can easily be

extended.

The second input tape, on unit A6, contains the observed spectrum,
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It is written in records ofléOS words. If less than 1600 spectrum words are
contained in a récord the record is filled with zeros by thé previous
program. Both tapes must be high density (800 BPI).

The output consists of the title, block number, zero point (wave-
length), and dispersion. Folléwing this is the predicted wavelength,
observed wavelength (or N/F if no line could be found at the predicted
wavelength), ion code, and minimum residual intensity, for each pgédicted
wavelength. The average intensity of the lines and their mean dispersionm,
the preliminary zero point correction, and the two sets of least squares
transform coefficients are then printed.

The format is repeated for each block of data.

The statement POSSIBLE ERROR, together with the average intensity
of the identified iines is printed out if less than 60%Z of the predicted
lines could be identified.

Approximately 1 minute of 7094 time is needed for compilation and
set-up. An additional 12 seconds is needed far a typical block of 1600
data points.

The output tape now contains spectrum, blocked as an input, but
reduced to an intensity scale of 0.0 to 1.0. The tape is high’density,
1605 words to a block. Words 1-1600 are the Speétrum.

1601 is the number of points in the block;

1602

block number;
1603 = beginning wavelength;

1604

H

average continuum level

1605

i

dispersion
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DETAILED PROGRAM DESCRIPIION

‘The program, as listed iﬂuAppendix E, . ha; been split into 26
sections, mbst»df which are discussed in detail below. The comment
cards with asterisks to fhe_left are used to delineate the sections;
each of these éards is numbered, with numbers running between-lO and
270. These are the '"card numbers' referred to below. The flow
chart (Figure 8) presents the logical flow of POPE; each section

indicated by enclosure in a rectangle is discussed below.

1. Set-Up (Card #10)

a. IFNO3 is read off a data card.

b. KKK, the number of files to be read, and IREEL (*), the file
numbers, are read off a data card.

c. The OP routine opens the files.

d. Various quantities are Initialized.

e. The beginning wavelength of the speétrum, and FCRCT are read
off a data card.

f. Various other quantities are initialized.

NOTE: Statement 20002 is the "file transfer point".

2. Spectrum Tape Positioning (Cards #30, 50)

a. Position spectrum tape to beginning of desired file
(IREEL (JREEL)).

b. Position search line tape.
————— Here comes ‘the card input section——-—-

¢. Read STRTER, IBLSKP, DISP, LENDL from a data card.

d. Skip IBLSKP blocks of spectrum.
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3., Normalisation to continuum level

a. Increment ILINE by the number of points in the previous block.
For each spectrum point:

b. Calculate Z0O = the point number,

c. If ZOO is less than the point number of the first continuum
value, or greater than that of the last continuum value, then extrapolate
to get ALAS, and go to statement 696.

d. Otherwisé, interpolate for ALAS, and go to 696.

e. Determine if PT (wavelength of the data point) is within 0.06 &
of an even multiple of 20 A. If it is, set ALASHD = ALAS.

f. Make sure Y(J) is less than or equal to the continuum and
greater than or equal to zero.

g. Divide the spectrum value by the local continuum level (ALAS)

to get the normalized intensity (X(J)).

4. Data Smoothing (Card #100)

a. Initialize MINS(*) and NMINS.

b. Average the nine points surrounding each data point, X(¥*).
c.. Assign this average to the same position in the XA(*) array.
d. Calculate minimum and maximum values in XA(*).

e. Calculate XSTOP for ensuing parts of program.

5. Line Center Finding (Card #110)

a., Pick out all points, I, between the 6th and 1595th of a
block such that: XA(I) less than XA(I-1) and, XA(I) less than or
equal to XA(I+1).

b. Store these points in MINS(*), and set NMINS = their total

number.



—f5=

c. DBetween each pair of these éuggested minima, find the maximum
intensity. Compare this with 3% of the intensity at each of the suggested
minima. If thé maximum is in either case the lesser, determine which
of the minima is the lesser. Rémové the point number of the other
minima from MINS(*), and decrease NHINS‘by 1.
.d, If less than 20 seconds of the time estimate is left, STOP.
e. 1If IFFO3 = 1, skip (f).
f. tCompare the intensity at each suggested minima with XSTOP. If
it is greater than XSTOP, remove it from MINS(*), and decrease NMINS

by 1.

6. Central Depth Determination (Card #120)

a., Store point number of minima in SLINE(*,3).

b. Compute the wavelength of the ¢th minima and store in
SLINE(*,Zﬁ.

c. Store NMINS in SLINE(200,2), and iﬁ.NT.

d. Calculate IVWMIN and IVWﬁAX.

e. Eind minimum value of ynsmoothed normalized data bet%een
IVWMIN and IVWMAX.

£. Store this value in SLINE(%+100,3).

g. When this has been done fo; each minimum, store SLINE(*+1OQ;3)

in SLINE(*,3).

7. Tape Input of Search Lines (Card #140)

a. Calculate the wavelength of the end of the block, and store it
in XEND.
b. If this is not the first block processed, skip (¢), (d), and (e).

c. Pogition line input tape to starting wavelength of block.



d. If there are no lines on the tape before XEND, go to
,"'block termination loop'", below.
e, Store 300 line wavelengths in WCALC(*,1), predicted strengths

in WCALC(*,2), and ion identifications in ICALC(*). Then skip (£f), (g), and

f. Delete lines of wavelengths shorter than XBEG from the tables.
(IT = the first line to be.left).

g. Advance all remaining lines II-1 spaces in the tables WCALC
and ICALC,

h. Fill in the last II -~ 1 spaces in these tables with lines reéd
from the tape.

i. <Check TIME; if less than 20 seconds remain, STOP.

8. Search Line Sort (Card #150)

a. XZ and XY are calculated, but not uéed until the next section.

b. NN is set equal to 3/4 the number of lines found in the data.

c. The WCALC array is stored in W. W(*,2) contains the number
of the ICALC array pertaining to the *th number in the W arraf.

d. The DO 210 loops sort the W array according to predicted

strehgth ~- strongest lines first.

9. Final Selection of Search Lines (Card #160)
a. If less than 5 seccuds remain on fhe internal clock, STOP.
b. We are going to store the first NN liﬁes of the W array in
SLINE(*,1) subjectléo'tﬁe conditions that:
i) Their wavelength is within the range of XBEG+l & to
XEND - 1 A,

ii) No selected line is within 0.2 & of a stronger selected
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line.

c. The total number of search lines is stored in SLINE (200,1).

10. Preliminary Zero Point Correction (Card #190)

a, Set e = 0.15.

b. If this s the first block of data, the first try at Q is 1.5;
if not, it is 0.15.

c. Calculate the double sum, discussed above for each Q.

d. 7Pick that Q which gives the maximum sum.

e. Save this value in QNSAVE.

11. Least Squares Correctiecns (Card #200)

a. Identify as many observed lines with search lines as possible, with
an error tolerance i, yavelength of 0.125 &.

b. Store the p;edicted wavelengths infD(l,*), and the error in
wavelength in D(2,%).

c. Correct wavelength oif found lines (SLINE(%*,2)) by the preliminary
zero point correction. )

d.' Convert bél,*j wavelengths to units relative to XBEG.

e. Change dispersion and zerd point of wavelength by the least
squares technique to minimize the errors (D(2,%)).

f. Correct the observed wavelengths by 2/3 of the least squares

corrections; correct XBEG and DISP likewise.

12. Matching of Line with Ion (Card #220)

This section goes through some "tracing back" of each search line
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to find what position (ICALCX) in the ICALC array its ion is stored in.

The code number of this ion is then stored in ICALCX.

13. Line Identification —— First Pass (Card #230)

a. Set DCRIT = 0.075 &

b. For each search line, see if an observed line lies within
DCRIT of it in wavelength.

c. If it does, write out the two wavelengths, the ion code, and
the observed strength. Then see if the next observed line is also
within DCRIT of the predicted wavelength. If it is, write out the
same information for it. Add onme to LCFD (ion code).

d. If there is no identification, write out the predicted

wavelength and the ion. Add 1 to XNMISS and to LCMS (fon code).

14, Line Identification —- Second Pass (Card #250)

For each found line not previously identified in the first pass:

a. In the KSTAND array store the positions of all search
lines from WCALC falling within 0.05 R of the found line's wavelength.

b. If none are found, write the found wavelength and intensity;
then go to card #260.

¢, Determine which of the lines represented in KSTAND is predicted
to be the strongest. Write the bredicted wavelength of this line, the
found wavelength, ion, and observed strength.

d. For each other line in KSTAND, write out the predicted and

found wavelength, the ion, and the difference in predicted



strengths. Then go on to card #260.

)

15. Outpﬁt‘Phase (Card #260)

a. Assign values to the 1601 through 1605th points in the output
array, X.

b. Write X on tape.

c. Write headings for the printed output.

d. Write out the data points (normalized to intensity).
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PROGRAM VARIABLES

ALAS = continuum level at a given point.

ALASHD = continuum level at the most recent multiple of 20 &.

]

AONE = wavelength of the first data point in a line of output.

ATWO

wavelength of the last data point in a line of output.

AVERA = average strength oi found lines in a block of data.

C(*) = the total residual in the double sum for
the *th tried value of Q.

CLO = map subroutine to close files.

CRACK(*) = amount to be added to AONE to get the wavelength of ertry
column * (for print out only).

D(1,*) = wavelength of preliminary identified line, corrected by
the preliminary zero point correction. :
(2,%) = predicted minus observed wavelength of this line.

DCRIT = tolerance between predicted and observed wavelength for
identification to be made.

DEX(*) = data point number for *th continuum’value.

DIFF = actual difference between prédicted and observed wavelengths
of a line. '

DISP = dispersion of spectrum.
ge= A parameter used in the double sum.
ERMEAN = mean deviation of strength of found lines in a block.

FCRCT = constant to be subtracted from all intensities before they are
normalized (also substracted from continuum value). -

FMF = least squares correction to the dispersion.

FMS

least squares correction to the zero‘point of wavelength.

HELP (%, %% *%% #%%%%) = gubroutine to check that the variable * is greater
than or equal to ** and less than or equal to *%%, TIf not, then it
prints out the number *%#*%, and stops the program.

IBLOCK = block number in the spectrum,
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IBLSKP = number of data blocks at beginning of file to be skipped.
iCALC(*)'= ion causing search line.

IEOF = end of file indicator fér spectrum'tape (# 0 if file is at an

end).
IERR = read error indicator for spectrum tape (#0 if error occurred).

IFNO3 = input parameter. If =1, the XSTOP line discrimination criterion
is deleted; 1if = 0, it is not.

ILINE = running total of point number at beginning of block - 1.

ILINL(*) = number in ICALC array pertaining to the *th entry in W array.
IREEL(*) = files to be worked.

IVWMIN = 1/4 way from found line to previous one (in point numbers).
IVWMAX = 1/4 way from found line to next one (in point numbersj.

JBG = MINS(*-1)

JED = MINS(*)

JEOF = end of file indicator for search line tape (# O if EOF occurred).

JKEP

il

point number of the deeper minima betqpen those at JBG and JED.
JWK = number of points in block. |

"KIF(*) = 1 if the found line * is identified; =0 if not.

KREEL = file number the tape is currently at. y

KSTAND(*)= positions in the WCALC array of lines identified with found
lines in the 2nd pass of line identification.

KTOTAL = number of significant entries in KSTAND array.

number of search lines of ion * identified.

LCFD(*)

LCMS (%)

number of search lines of ion * not identified.

LCOUT = subroutine to print what percentage of lines (of each ion)
searched for were found in the spectrum.

LENDL = last block of file to be worked.
LSIN = number of continuum cards.

MINS(*) = point number of the *th minimum in the block.
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NMINS = number of minima found in the block.
0P = map subroutine to open tapes.
Q = correction to wavelength zero point

QN = the Q which maximized the double sum
preliminary zero point correction.

QNSAVE = QN.
RA5 = map subroutine to read one line's data from the search line tape.

RA6 = map subroutine to read one block of data from the spectrum tape.

SLINE(*,1) = wavelength of search lines
(#,2) = wavelength of lines found in spectrum
(*#,3) = point number of line found in spectrum (during most of card

#120 assembly), and the intensity of the found line
for the rest of the program.

STRTER = pre-normalized intensity for zero inputted intensity (usually =
FCRCT) .

TI(*) = alphameric title used for output.
TIM(1) = time left, in seconds, on internal clock.

TIME = map subroutine which returns time left accofding to the internal
clock. ;

VAL = minimum value in unsmoothed normalized data between IVWMIN and
IVIWMAX,

predicted strength of search line.
%

wavelength of search line

W(:’:,l)
(*,2)
(*,3)

ne

WAN

map subroutine which backspaces two files on search line tape.

WB6

il

map subroutine for data output on tape.

WIN = map subroutine which backspaces one file on search line tape.

WCALC(*,1) = wavelength of search line
(*,2) = predicted strength of search line

X(*) = *th normalized spectrum point. X(1601) = number of data points
in block; X(1602) = block number; X(1603) = beginning wavelength;
X(1604) = continuum level at center of block; X(1605) = dispersion.

XA(*) = smoothed normalized spectrum.
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XBEG = beginning wavelength of block.
XBEGKP = beginning wavelength of first data block.

'XBIG(*) = continuum level at input points.

XCA = An intensity value 3% above the value at JBG, a suggested minimum.
XCB = same as XCA, but for JED.
XLN = wavelength of line read from tape.

XM = maximum intensity value between two suggested minima, at JBG and JED.
XN= minimum value of XA.

MXM = maximum value of XA.

XNMISS = number of search lines in a block not found.

XSTOP = 15% of (XMX - XMN). |

Y(*) = unnormalized spectrum.

YF = maximum value in C(¥).

200 = point number of block currently being worked on + ILINE.



APPFNDIX A A1
3696 9 36 3062 36 % %

PROGRAM NUMBFER 1,

READS MICROPHOTOMETER TAPE AND PERFORMS DATA FORMAT CONVERSION,
®TRAYS

o MOUNT BFLL 1 ON A 5 RING OUT 200 BPI REPEAT 200 BPI
o * PUT A SCRATCH ON B6 SAVE AT END

G PUT THE A CHANNFL DENSITY SWITCH ON 800/200

SATTACH AS

$AS SYSCK1sLOW

SATTACH R6

$AS SYSUTEsHTGH

aTREYE

SEXFCUTF TRJNR

SID  RARELL*205/04/026%3M%200P*200C*R*#TAPES

$1BJOB GO sMAP s SOURCE s BASIC

$1RFTC TEST LISTeNODFCK M4 4XR7

10
C
C
C

9

11

12

121

COMMON IN(9999)sTEOFs IERRyIREEL sNER(2) sNFsNRsLCsD(4)»0UT( 1000),
IN(2) s INCsLT

CALL FIXIT

NF=1

NO=0

NR=0

NFR({1)=0

NFR(?2)=0

RFAND(541) IRFFL

FOARMAT (12)

CALL OP

CALL RAS

THIS GIVFS US A RFCORD

NR=NR+1

NO IS THE INPUT RECORD NUMBER AND NR THE OUTPUT RECORD NUMBER
TF{IFOFFR.11GO TO 70

IF(LI«GT+49999)GOTOK0

N(L)=TN(LT)

CALL CONV

LO=2%L1

IFIN(2) ;FQ.O0sANDeNFR(2) 4FQ411LO=LO-1 ,

LT IS THF INPUT RFCORD LENGTH AND LO THF OUTPUT RFCORD LFNGTH
NFR(1)=0

NFR(2)=0

LY=LO

WRITE(6511)NFsNRsLTsLYSIND

FORMAT(10H1IFILE NOs=915+13H RECORD NO.=915515H INPUT LENGTH=515,

116H OUTPUT LENGTH=315+30X5HINDe=612)
IF{IFRRJEQeIIWRITF(69121{IN{T)oI=14L1)
FORMAT(17H HAD PARITY ERROR/(10(1X012)))
1ERR=0

TERR=0

KK =N

LL=500

LEND=LL+KK

IF(LENDGTSLINLL=LI—-KK



APPENDIX A A=2
NO20J=1sLL
T=J+¥X
NETY=IN(T)
CcALL CONV
LC=2%#1
L 1=LC-1
OUTILIYI=N(T1)
TF(NFR{1)FONDYIGRO TO 15
NFR{1)Y)=0
LX=L1
14 WRITE(6513)I0IN(TYIsOUTIL1) sNOsLX
13 FCRMAT(34H ERROR DFETFCTED IN INPUT WORD NO=41593X012+s184 CONVERT
1FD VALUFE = eF6e0922H IN OQUTPUT RECORD NOe=3915911H WORD NQOe=s15)
IFLINDLEQNIGO TO 15
WRITE(7+16)INFsNOsLX

16 FORMAT(2110)

15 IF(LCeGTLOIGD TO 20
OUTILC)Y=N(2)

IF(NER{2)eEQeOYGD TO 20
NFR(2Y=D
LX={C .

17 WRITF (A 13) T IN(TYsODUT(LCYsNOGLX
IF(INDFQe0)GO TO 20
WRITE(T+s16INFsNOsLX

20 CONTINUFE
IF(INDFR.IIGO TO 30
PDO25%T1=144
NETY=0UT(T)

25 OUT(TY=0,

3N CONTINUF
IF(LL.FQeB0N0)YGOTORB
L=l 0=2 %K+
NN31 T=LNe10NN

21 OUT(TYI=0Cs

35 CONTINUF
NO=NO4+1
CALL WBE¢

135 WRITE(6436)INFsNRyNOsLCsD

36 FORMATIX st ThosaFO,N//)
K=1
L=20

37 IF(LGT&(2%LLIIGOTO39
WRITE (£938) Ke(OUTI{LM)stM= Ky L)l

38 FORMAT{IXISs4(4XS5F5e0)9e4X15)
K=K+20
L=t+20
GO TO 37

39 L=2#LL
IF(KLEQ.LYGOTO101
WRITE (£938) Ke(OUTI(LM)stM= KoL)

101 KK=KK+500
IF(KKeLToLTI)IGOTO121
GOTOLN

60 WRITF(6,4561)

61 FORMAT(1Xs50H GRFAT LAMRORGHINIS THF RFAD ARFA 18 TOO SMALL

&% CALL CLOD
STOP

70 WRITE(64T71INFeNR



71 FORMAT(10HIFILE NOs=+15513H

75

IRFFL=IRFFL~-1
IF(IREELEQe«0)GO TO 75

1FOF=0
1¢FRR=0
ME=NE 41
ND =N

CALL WIN

NO=0

G0 TO 10

WRITE(6476)
76 FORMAT(29HOTHIS WAS THE LAST INPUT TAPE)

GO TO 6%

EAID

$IBMAP MAPRO

A5
B6

FIXTT

opP

cLo

wWRA

RASK
AA

BR

cC

FILF
FILE
ENTRY
FNTRY
SAVF
cLA
STD
RETURN
SAVE
TSX
PZE
TSX
pPZF
ST?
ST7?
RFETURN
SAVF
TSX
PZF
TSX
PZF
RFTURN
SAVF
TSX
PZE
10CT
RFTURN
SAvE
TSX
P7F
PZ2F
10RT
CAL
ANA
ARS
STN
ST7
CAL
ANA
TZF
cLA
aTn
RETURN

LISTsNODFCKsMI4 4 XB7

APDPFENNTX A
RECORD NO.=9154+8H WAS EOT)H

UNAS 9 CK1 4RCD $BLK=9999 4 INPUT
UNB6sUTHE4RBINSBLK=1007s0UTPUT

FIXTIT
CONV

4
=0000002000000
RTTCNT
FIXIT

4

o NPFN 4
A5
«OPFENs 4
R&

1FOF
1eRR

np

4
+CLOSF ¢4
AS
eCLOSF 4
R6

cLo

4
JWRITF o4
R6ss0
NFs91007
WRA

4
sRFAD G4
A% s ¢ SYSDMD
FOF 9 s FRR
TN o¥x
*-1
=0077777000000
18

L1

IND

N
=N6HNNNNANNNNN
cC

=1

IND

RAS

A-3



FOF

FRR

CONYV

A3A

A4 A

ABA

AGA

CONT

sL

HP

WIN

CLA
STO
TRA
CLA
STO
ToA
SAVE
cAaL
ANA
LRS
STQ
LRS
AXT
AXT
cLA
TNZ
TIX
ST7
AXT
CLA
LLS
5T
T2F
sumn
TZF
™1
CLA
STO
CLA
AN
STO
TRA
ADD
TIX
XCA
MPY
XCA
TRA
LPQ-
TIX
TIX
LDO
TTX
RETURN
CLA
TZF
CLA
STO
TRA
sun
TN7
ADD
TRA
SAVE
TSX
PZE
RFTURN

RTTCNT BROOL

=1

1EOF

cC

=1

1FRR

AA
Le59647
N
=N17171 7171717
ig

N+1

1R

746

245

TND

*4?
474541
N+2 46
247

=N

6

w1

R

=10
CONT

R

=1
NFR+2 46
Co00+397
N+2 96
N+2s+6
CONT
=10

HP 9591

C1004347

A6A

ZWé
*4+19541
Ab4Ahs7s
N+1
A3As6H 461
MY
IND
CONT

=
NFR4+2 46
CONT

=1

ASA

=1

C

4

JWFF gt
R6

WIN
1302

APPENDIX

.



7wl
900
c100

TN
1FNF
1FRR
TRFFIL.
NFR
NF
ouT

N

TND

L

FENTRY
FDATA

t

1

]

RSS
DEC
DFC
CONTRL
11QF
RBSS
RES
RSS
RSS
RSS
RSS
RSS
RSS
RES
BSS
UySF
FND

APPFNN1TX
1
9009049
1009101
/7

1/
9999

1
1
1
2
7
1000
?
1
1
PREVIOUS

TFST

A5



APPFNDIX B B-1
L 22 T PR

PROGRAM NUMBER 2, FLUID DYNAMICS,
REDUCES MIGROPHOTOMETER DATA TQ INTENSITY SCALE USING A WAVELENGTH DEPENDENT
CALIBRATION CURVE.

%TR@Y?

$RFSTORE

T MOUNT SCRATCH ON R&6 RING IN

$# MOUNT SCRATCH ON RS RING IN

$* MOUNT CSC 581 ON A6 RING OUT
G * RELEASE TAPE ON B& AFTFR RUN
%% PLOT TAPF = RS

%% PLOT AFTFR RUN

$PALICF

FATTACH A&

SAS SYSUTSH s HTAH

SATTACH R

345 SYSUTE sHTIGH

$IRSYS ‘

SEXFCUTF 1RJOR

$1D BENGTSONeReDas *103/01/011*9M*BOOQ$TAPFS $
$1BJOR GO sMAP 3 SOURCF s BASIC

$IBFTC THINK LISTsREFJNODECK sMI49XR7

200

NIMENSTON N1(20)en2(2M scol(2n)
NIMENSION Z(1000),VB(1000)sY(1000)sD(1000)
NIMENSTON VVV(100n)
DIMENSION SE(37+20) sNN(37)sW(37)sRAD(13)
COMMON NF sNRsLCsC(4)9X(1000) sFNsRN, CLoE(h)y9(1000$;IEOF¢IFRP
RFAN FTLM CALTRRATTON DATA
READ(55900) N
READ (55901 ) (W(T)sNN(T) o (SF{TsJ)ed=1513) 1= 1,M)
RFAD(55920) (RAD(7)s1=1513)
WRITE (£9912)
WRITE(65919) (W(I)s(SE(TsJ)sJ=1913)s1=14N)
WRITF(6+914) (RAD(T)s1=1513)
CALL OP '
1EOF=0
TFRR=N
NRD = 32
NILF = ©
CALL RAG
IF(IEOF «NE+OoORs IERR, NE.O)GOTO 100
LC=LC~-1
UNSCRAMBLE IDENTIFICATION ON TAPE
CO=C(11/1004+.0001
JJ=Co
cop=JJ
CO0=C(1)=100,%CON
EN=CNN/1N,
JF=CD
IF (LCeLT«500) GO TO 200
WEDGF USED 1S IRFNTIFIED RY JJ
IF (NR oGT.99) GO TO 200
IF (JJ.FN1) GO TO 30



S0

an

21

32

33

34

25

300

305

301

302

303

304

390

APPFNDIX B

IF {JJeFQe?) GO TnO 31
1F (JJeFN3) 0 TN 32
IF (JJeFNett) GO TN 33
1F{JJeFQeB) GO TN 34
1IF(JJeFQe6) GO TO 135
SHOT REGION IS IDENTIFIED BY JF
IF (JUFLFNL1Y GO TH 300
IF (JF +FQ.?2) GO TOH 400
1F (JF4FNe3) GO TOH 400
IF (JF JGF, &)Y GO TO 400
NDSW = 40024
SCALE =,008
RSCAL = 0?2
60 TO S5C
NnEW = .an?
SCALF=,01%
RSCAL =,04
~D TO 50
NSW = N073
RSCAL. = 415
SCALE= 4,05
GO TO 50
DSW = 0098
SCALF = o1
RSCAL = 2
GO TO 50
NDSW = L0123
SCALF =,15
RSCALL=,4
GO TH 50
NSW = L4018
QCALF = 47
RSCAL = 45
GO TN 50

AVERAGE CLEAR FILM LEVEL AND STORE

JFA=J

LLA=0O

LL=0

LLO=O

SF=0,0

NO 307 J=1420
CF=SF+X(J)
LL=LL+1
IFILL.EQs LC) GO TO 390
CONTINUE
LLO=L 1041
OB=SE/2Qs
SF=0,0

DO 304 JS=1,20
LLJ=LL=J+1

IF(ABS(X(LLU)~QB)+GTe3e) X(LLJ)=QB

SE=SE+XtLLY)
CONTINUF
LLOL=LLOSLLA
VRBILLOL)Y=SF/20.0

IF(ABS{QB-VB({LLOL)) el Toele0) GO TO 301

GO TO 303
J= LL-20%LLO
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NF=]
NR=SF/NF
SE=06,0
NO391 K=1¢ J
LLK=LL=K
IF(ABS{X(LLK)=QB) 4GTe 3e¢) X(LLK)=QB
SE=SF4+X{LLK)
391 CONTINUF
VRB(LLOL+1)=SF/DF
LLA=LLOL
NILF = NILF 41
IF (NILEJEQeNRD)Y GO TO 350
IFRR=N
10FF=0
CALL RA6
IF{IFOF 4NEeOeOReIFRReNE.O) GO TO 100
LC=LC~1
GO TH 308
350 LA=LLA=10
PN 355 J=114LA
OR=0.0
NO 345 K=1,20
JAK=J+K =11
345 QR=QB+VER(JAK)
A=Qp)/?0.
IF(ABS(VR{J)=A}eGTele) VB(J)=A
3585  CONTINUF
WRITF (&+907)
WRITE(64910) (Cl1YsI=1s4)
NN 3R0 K=1, LLOLe?O
KN=K+19
WRITF (£e905) Ko (VRIL)sL=K KD} KO
380 CONTINUF
GO TO 260
400 IF (JFANF, JJ) GO TO 600
READ DATA FOR PARTICULAR SHOT
READ(5+909) T+BEGINSCON
LLA=] '
299 {LO=N
WRITE(64911) TsREGINICON
WRITE {8+903) NSW
JUMp = 0
401 P=NILF
eyMY = NN
PP=LLO
CALCULATF WAVFLFNGTH ON FTIM
DAM = BEGIN +4194%#PP+155,%#P
ECA=1.19E20 /7 (DAMRRS ) R (EXP (34 T9E4L/DAM)=140))
EBBD=1619E20/{ {DAMRRS ) R (EXP( 1. 438BET/(DAM®T ) )~1,01)
NO 410 K=1,N
IN=K
TF(NAMLF,WIK))Y 60 TH 40R
410 CONTINUF
408 NOD =NN({(IN-1)
NO 413 K=74NON
DI(K)=SF(TN=14K)=SF{TN=2 4K}
D2(K)=SE(INsK)=SE(IN=15K)
DELI=W(IN)-W(IN=1)
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DEL2=W(IN=1)=W(IN=2)
DEL3=DAM=W(IN=1)
DFL4=DAN=W(IN=2)
C FIND COCRRECT CALIBRRATION CURVE AT ONE WAVELENGTH
COR(K)I=SE(IN=-24K)+DELG*((D1(K)/DEL2)+DEL3I*(((D1(K)+D2{K))/(DEL1
1*(DFLI+NFL2)1))=DI(K)Z(DELI*DEL?) )
413 CONTINUF
40 PO 420 JO=1,420
LLO=LLO+]
c FIND FILM DFENSITY
DENSD=X(LLO)=-VB(LLA)
IF (DENSD oLTe 0s01) DENSD =0,01
X(LLO)Y=DFNSD
XX=X(LLO)*NSW
NO 414 KO=14NON
IF((XX=COR(KO))eGFe0e0) GO TO 41%
414 CONTINUF
C CONVERT DENSITY TO INTENSITY
NCOYT=COR(KN)=COR(KN~1)
NCO2=COR(KO=1)=COR(KO=2)
NCO3=XX~COR(KO-2)
NCOL=XX=COR(KD=1)
RA=RAD(KO=2)4+DCO3#( (~.5/DCO2)+DCO4*( (~14/(DCOL*(NCOLI+DCO2} ) )+
1(e5/7(DCO2%#NCO1) Y)Y
Y(LLO)=CONRECA®EXP(RA)
IF(Y(LLO)«GECEBBD) Y(LLO)=.98%EBBD
C OPTICAL DEPTH CORRECTION
TAU = =ALOG(1.~Y(LLO)/FBRN)
Y(LLO)Y=FRRN*TALl)
419 TFIY(LLO)YGF o (10,%SCALFY) JUMP =1
IF(LLOFN.LC) GO TO 480
UMY = SUMY 4+Y(LLD)
42) CONTINUF
C AVERAGE 20 INTENSITY POINTS FOR REDUCED PLOT
VVVILLA)Y=SUMY /2060
LLA= LLA +1
GO TO 401
450 IF (NILE 4FQe40) GO TO 452
4589 Z(1y=1,0
DO 455 LL=2sLC
455 2(LL)=Z2(LL-1)+1,
2(LE+1)=0,0
FLC=LC
2({LC+2)=FLC/1643
VWVILLA)=Y(LLO)
CALL AXIS(04090¢0s86HLAMBDA3=691663950409Z(LC+1)e2(LC+2))
Y(LC+1)=20,0
Y(LC+2)=SCALE
IF(JUMP.EQ.1) Y(LC+2)=RSCAL
CALL AX1S(0e090e0s9HINTENSITY»+951060990e0sY(LC+1)sY(LC+2))
FNILF =NILF
CALL NUMBER(0e¢590455429FNILES0«030.0)
CALL LINF (ZsYs LCo 1040
X(LC+1)=0,0
X(LC+2)=17,
CALL LINF (ZsXslLCs1s100+24)
CALL PLOTC(16e330,09~3)
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WRITF(64+904) NRsLCoNILE

WRITE(64913) DAM
WRITF (6+4910) (C(1)sl=14s4)
NO 709 ¥K=1,1LCs20
KN=K+10
WRITF(64906) KelY(L)sL=2KsKO0O)sKO
702 CONTINUF
LLA=LLA4]
NILF =NTLF+1
IF(NTLELFQNRDIGO TO 201
IFRR=0
INFF=0
470 CALL RAég
IF{IEOF (NE+sOsORSIFRRNELO) GO TO 100
LC=LC~-1
GO TO 399
600 WRITF{6,908)
ANOTO 100
201 VVVILLA+11=0.0
VVV(LLA+2)=RSCAL
CALL PLOTC(Na0s=11409=3)
CALL PLOTC(0e54065¢~3)
CALL NUMBER (1e¢0s 10962+C{1)990s0+0)
CALL NUMBER (1e2591¢09¢23C(2)99040+0)
CALL NUMBER (16561e¢09029C{3)9904040)
CALL NUMBER (145092e09029C{(4)99040+0)
Z{(1)=REGIN
DO 203 L=2,1000
203 Z(L)=Z(L~-1)+3,89
REDUCED PLOT (100 A/INCH)Y
Z(LLA+1Y=BFGIN
ZILLA+2Y=100,
CALL AXIS{040s0e0s6HLAMBDAs=69144090.0sZ(LLA+1)sZ(LLA+2))
CALL AXIS(0e0s0e0s9HINTENSITY9+951060990e0sVVVILLA+1) sVVVILLA+2) !
CALL LINE (ZsVVVelLlLAs15040)
CALL PLOTC(176590404-3)
CALL PLOTC (134080609 -3)
GO TO 200
452 CALL PLOTS{(Ds1000)
CALL PLOTC{D04=11409~=3)
CALL PLOTC(0e550659-3)
CALL PLOTC (24N30,09=3)
CALL NUMBER (1409 1¢09¢25C(1)99040+0)
CALL NUMBER (1¢25+1¢09029C(2)3904.0+0)
CALL NUVMBER (14591409¢23C(3)3904,0+0)
CALL NUMBER (145092e¢09429C14)+90.0+0)
GO TO 459
900 FNHRMAT (12)
901 FORMAT (FS5.0912513F543)
902 FORMAT (1XsF10,0s P2F1N,.4)
903 FORMAT (5H DSW=s F10.5)
904 FORMAT (10HIFILE NRe=915¢8H LENGTH=91596H NILE=915)
905 FORMAT (1I1XTI594(2X5F5.1)92X15)
906 FORMAT (1XI544(2X5F5.4)92X15)

907 FORMAT (25HIRACKAROUND NATA AVFRAGFD)
908 FORMAT (35H TWO DIFFERENT DFENSITY WEDGES USFD )
909 FNRMAT({F10,0sF10sN0sF10e5)

910 FORMAT (4(3XF54,0))



911 FORMAT (1Xs16H TFEFMPEFRATURF 1S s F10e0s 7H LAMBDAF10.0,
110H INTENSITY s F10e5 )
912 FORMAT (1H1)
913 FORMAT (8H LAMBDA=4F7.1)
914 FORMAT (/1Xs13FKe72)
920 ENRMAT (13FK,3)
919 FORMAT (/1XsF5.002Xs13F643)
100 CALL CLO
CALL PLOTC(0504909)
STOP
FND
$IBMAP SPEC2 LISTsNODECK sM94 s XB7
A6 FILE UNAG sUTS 4BINsBLK=1007 s INPUT
B6 FILE UNB6 sUT6sRINsBLK=1007 +OUTPUT
FNTRY op
ENTRY  CLO
FNTRY  RA6K
FNTRY WRA
ap SAVFE 4
TSX «OPFEN 4 4
pP7F A&
TSX «OPEN 4
pre R6
RETURN OP
cLO SAVF 4
TSX «CLOSEs&
P2F A6
T5X oCLNSF 4
pPZE R6
RETURN CLO
RAG SAVF 4
A66E  TSX «READ G4
pP7F A6 s s SYSHMD
PZF EOF 64 sFRRE
10CT NF 41007
A6A6  RETURN RA6
WRé& SAVE 4
TSX sWRITEs4
P2F - R6
10CT NNF 51007
RETURN WB6
FOF6  CLA =2
STO TFOF
TRA ABAGL
FRR6  CLA =2
sTO 1FRR
TRA A666
CONTRL /7
Y5 /7
NF BSS 1007
NNF RSS 7
Y RS 1000
T1FOF ngq 1
TFRR  BSS 1
tISF PRFVIOUS
END
ENDATA
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35006121665
3600,121465
37006121465
3800.121.65
3900,121,7D
40004131675
4100413179
42NN4 131,80
43004131.82
44004131,82
4500,131.83
4594,131486
4694131487
479646131480
48B94,121,79
4994 4,121,779
5094,121,79
5194 ,121 .81
5294,121,84
5394,121,86
5440,121.86
5540,121,87
5640,121,87
5740,121.83
5840412186
5940612182
60406121,72
6140,121.78
62606121487
636N4121,85
646)e171.88
65604121486
66606121:84
67606121.81
6860.,111,80

1.48
1.48
l1e48
1e438
1454
160
1665
1e67
1.69
169
1e72
1e72
1.68
1665
1.65
1eb4
1e64
1466
170
172
175
1.76
1,76
171
1672
1.68
1460
1463
163
1e64
1.70
167
16463
160
1.58

1432
1632
132
1432
1637
1647
T‘L}ﬂ
TeSN
1.52
1453
1456
1455
1652
1451
1.50
1064
Tatlt7
1,49
16573
155
1457
150
1.59
156
1e56
1650
le44
16473
le47
1640
138
1636
1638
1e32

l1.14
le14
1e14
1,14
1,20
1476
1,32
1.24
1.35
1436
1,39
1,40
1,36
1.34
1.20
1,27
1427
1,30
1,35
1.17
1.39
1.40
1,38
1436
137
1419
1.20
1.19
1416
1.19
1617
1416
1,18
1,06

«99
099
«99
099
104
1.09
1414
1.16
1.19
1.20
1623
1e24
118
lel4
1.10
1407
1.06
1,07
1413
leln
1.15
1.15
1.03
1.10
l1e13
1.04
.98
.98
«92
093
.94
093
93
292
«80

APPENNIX B
«80 .59 40
«80 59 L40
«80 459 40
<80 459 40
eRE oL 46
¢93 471 .52
«98 L,T79 .58

1400 .82 L60
1402 o84 o462
1.03 485 .63
1¢06 89 68
1.05 «88 70
1.00 83 65
.95 076 .56
«89 69 ,48
e85 (66 46
BL  JE4  Jb4
oBRL 463 L40
e90 o463  L40
«91 464  L40
«92 466 L40
093 o700 42
.91 ,68 4?2
e89 66 LG43
89 67 W43
eRO 59 .37
o Th 54 .37
o784  ¢50 o35
e73 451 o35
.70 .50 .34
e 70 L4909 432
e 7O J4R .32
e 70 450 .31
e70 450 432
e58  LJ40 .28

« 24
o 24
o 24
o 24
2R
.34
40
ol?
«43
o4?
«50
52
«47
40
e32
24
«20
e 22
22
022
22
24
25
24
25
20
020
20
«20
20
19
19
+ 19
20
18

69604101+500142201.00067800,5500,4300,2400,1600,0800,03
70604081620014000¢700064700:29006190061100.04

Te0 65 660 5.
10000. 3300,
10000, 3300,

5 5

0 4.5 4,
9
9

0 3.

5 3.0

245

200

B-7

«13 «NR « N1
e 13 « DA « 01
0’3 008 001
17 «NR s M
017 « DR k]
« 2N 10 e DA
24 12 00
PR 15 o NR
27 016 «0R
ks el JOR
«31 «18 o 10
«372 «20 410
¢e3?2 +418 L0D9
2% e15 +08
«1n «NO PR
«17 «088% ,04
o 16 «08 N38
o 10 ¢ N5 N2
«10 + 05 0?2
+ 10 « 05 02
«10 «05 L0?2
«172 406 L0278
P « 08 e 038
el 08 + 038
«15 409 404
«11 «07 L073
11 07 .03
el1 07 ,LO03
11 e07 4013
«11 ¢07 403
10 N6  L03
10 « 06 N3
«10 06 o073
«105 407 LO04
+09 o 04
145 160

N1
N2
N2
«03
04
08
« 04
+ D4
«03
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3NN R

PROGRAM NUMBRFR 3, FLUID DYNAMICS,
CHEUKS CALIBRATION DATA USED IN PROGRAM NUMBER 2.

tTRCYS

TRFGTOARE

T ¥PL NT TAPF =R&

%% PLNOT AFTFR RUN

$% RFLEASE AFTER PLOT

FPAUISF

SFXFCUTFE TRJOR

1D ReAeROTGs#%#303/01 /011 %4MRETAPES
$18J08 GO +MAP s SOURCE$sBASIC
SIRFTC MAIN LISToREFs DFCKsMA4sXRT

DIMENSICN DENS(7)sWAV(300)9sRA(300s7)
DIMENSICN ROK(13)4SE(40920)sDIN(3)sNN(40)sDIMI3)4W(40)sRAD(13)
DIMENSION DERIV(300)sDEN(6) sDEM(E)
NIMENSTION DII20N)4N21100Y)sCcAR{TINN)
DIMENSICN DEN1(300)sDENZ2(300)+sDEN3(300)sDEN4(300)sDEN5(300)
NIMENSTCON D10N0) ‘
DIMENSION DEN6(300) sDFM1(30) sDFM2(30}
gaa FORMAT (KF12e¢4)
ann  ENRMAT (12)
901 FORMAT (F5.,0912+13F543)
902 FNRMAT (11+6F5,0)
903 FORMAT (1HOs37HTHE DENSITIFS USED FOR COMPARISON AREs6F642)
ans  FARMAT (1HN)
908  FORMAT (1THO+6HLOG(IT)s1Xs13F663)
906 FORMAT (35X 4 2BHWAVFLFNGTH VSe LOG(T) MATRIX)
ANT  ENRMAT (JHN 4S5H] AMRAY)
908 FORMAT (1HOs44HTHF DENSITY USED FOR THE GAMMA COMPARISON 1S54F643)
Q0O FORMAT (1HOsF6,09AF17.4)
910 FORMAT(TH1s 7THDFNSTTYsF114396F12,2)
911 FORMAT (1XeBHemm—am—— )
912 FORMAT (1H1)
913 FORMAT (1X45HLAMBA)
914 FORMAT (/1Xs13F6e13)
919 FNIMAT (/1XsF5,Ns?2X913F6¢3)
929 FORMAT (13F5,73)
N 1S NUMBER OF WAVELENGTH CARDS
RFAD(5,200) N

C W = WAVFLFNGTH
C NN = NUMBER OF VALUES OF SE(NON-ZERO VALUES)
C SE = CALIBRATION VALUES OF DENSTY
READ(59901) (W(T)sNN(T) o (SE(TsJ)sJ=1913)sI=1sN)
C RAD = LOG OF INTENSITIES CORRESPONDING TO ABOVE DENSITIFS
C (IN DESCFNDING -ORDER)

READ(59920) (RAD(T)s1=1513)
WRITE (£+912)

WRITF (£+906)

WRITE (£s905) (RAND(T)s1=1513)
WRITF (6A4911)



APPFND1X c c-2

WRITF (£49NT7)

WRITF (649190 (WIT)o(SF(TsJ)eJd=T1s13)s1=1,N)
NUM = NUMBRER NF VALUES OF DENS (UP TO 6)
DENS = DENSITIES FOR CALIBRATION COMPARISON (IN ASCENDING ORDEPR)

READ (55902) NUMS(INENS({I)eI=19NUM)

NDENFM = DENSITY FOR GAMMA COMPARTSON

RFAD (54899) DFNFM

WRITF (6£4+4904)

WRITE (£+9031(DENS(TI)sI=146)

WRITF (£,908) NFNFM
THE NEXT FEW STEPS SET UP THE 3~DIMFENSIONAL COMPARISNN

CALL PLOTSINS1000)

CALL PLOTC(Oes=~11¢49-3)

CALL PLOTC(10491659-3)

DO 5 1=1,113

5 ROK(TY = !

T= RAD(1) -RAN(2Y

LO=0

CALL AXIS(0es0esS5HLNI(I) 9=54134904300e91s)

CALL AXIS(0e90e9THNENSITYs799es 906900 9¢8)

DEN(1Y=C

NEN{2)=10439

DFN(3)=0

NFN(4)Y=C

NDEN(S)Y=1,

NEM{T1Y=(

DEM{2)=448

DEM(3)y=0

DEM(4)=0

DFM(5)=,8

CALL LINF(DFNsDFM42415050}

CALL SYMRCL(106259606259¢1596HLAMBDASD4 96)

LAM=W(N)=W(1)+ 200,

MAT=LAM/ 200

CNN=MAT
THESE STEPS SET UP THE WAVELENGTHS (EVERY 20 ANGSTROMS)

WAV{1) = W(1) '

1=2 )

10 WAVII) = WAV(I=1) 4+ 20.

IF (WAV(I)-WIN)) 20,30+30

20 1 = 141
GO TO 10
3N CONTINUF

WAV(T+1)= WAVI(IVI+20,.

KLOD = 1

WRTITF (£+4910) (NFNS(JNRY 4 JINR = 1,464

WRTITF (£s911)

WRITFE (64913}

PO 430 T=1,,KLOD

LO=1 041

XJ = 1=1

DAM = WAVI(T)

NO 4710 K=1,4N

IN=K

IF(DAMJLFSWIK)) GO TO 408

410 CONTINUF
FOR A GIVEN WAVFLFNGTH, THE DENSITY VALUFS ARF FOUND RY 3=-PNOINT
INTFROOLATINN



4

C

NR

413

390
40

414

415

420

APPENNTX C c-3

TF (TN Te3) IN = 3

NOD =NN({TN-1)

NDFMT (NOR41) =0

NDEM2{NOP+1Y= 1,

NEM2 {NDP4D Y= D,

DEMTI(NOR+2)= o8

NO 413 K=1,NNN

DI(K)I=SELIN=1sK)=SE(IN-2sK)

D2(KI=SE(TNsK)~SE(IN=]14sK)

NEFLYI=W{IN)=W({TN=T)

NEL?2=W(IN=-1)=W(IN=-2)

DFL3=NANM=W{ IN=1)

NDEFL4=DAMW{ IN=D}
CORI(KI=SEUIN=2sKI4DELG* ((DL(K) /DEL2)4DEL3H(((DI(KHY+D2(KIY/(DEL]
1I¥(DELLI+DEL2)))=DI(KY/(DFLIXDEL?)))

DEM1(K) =COR(K) + ,005%X %3,

DEM2(K) = ROK(K) + ,0216%XJ®3,
CONTINUF
FVERY 100 ANGSTROMS THE 3-DIMENSIONAL COMBARISON IS PLOTTED

IF (5%(1LO/5)=L0) 40+390940

CALL LINFIDEM24DFMTI sNOD219040)

NO 420 JN=1 42N

NFEFNS({T7)Y=NFNFM

NO 420 J=1,7

XX = DFNS(Y)

DO 414 ¥KND=1,4NOD

IF{(XX=COR(KO))eGELDsO) GO TO 415

CONTINUF

FOR A GIVFN DFNSITY AND WAVFLFENGTHs THF CORRFSPONDING
LOG (1} 1S FOUND BY 3-~POINT INTERPOLATION (RA IS AMSWER)

IF (KOelLEe3) KO=3

DCO1=COR(KND)=~COR(KOH~1)

NCA2=COR{KN=T1)=COR(KN=D)

NCO3=XX=COR(KN=7)

NCOL=XX=CHR(KN=T)

RA(I 9 J)=RAD(KO=2)4+DCO3%((~T /DC02)+DC04*((-2.¥T/(DC01*(DCO]+DC02))
1Y40 T/Z(DCO2%¥NDCOTYIY Y)Y

IF (JeEQel) DENI(T) = RA(I4J)
IF (JeEQe2) DEN2(T) = RA(T4J)
IF (JeFGRa3) DEN3(T) = RA(T+J)
IF {(JeEGe4) DEN4I{I) = RA(I4J)
IF (JsEQa5) DENSIT) = RA(I»J)

TF (JeFRT)  X= RA(I4J)

CONTINUE

NO 1AN | =1 (NOD

1F (COR(L) o«GT. DENFM) GO TO 100 4
DERIV = THE SLOPE OF THE ABOVE CURVE AT DENEM

Y1=COR(L+1)

Y2=COR(L)

Y3=COR(L=1)

X1=RAD(L+1)

X2=RAD(L)

X3=RAD(~1)

D=(Y2-Y1)/(X2=X1)

C=(Y3=Y1)/((X3=X1)#(X3=X2))=(Y2=Y1)/((X2=X1)#(X3=X2))

DERIV(T)I=D4(2 ¢ %X=X1=X2) %C

NFRIVIT1=22,3026%¥NFRTV (1)



10N
101
430

17

11
12
13
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6O TO 101

CONTINUFE

WRITF (£+909) DAMG(RA(TeJ) e J=1 9 NUM)

CONTINUF

LAM = WAV(1) * ,01

WV =L AMEI NN
THE GAMMA COMPARISON 1S5 PLOTTED HERE

CALL PLOTC(2049069=3)

WAVIKLON+1 )Y =Wy

WAV(KLORE2) 220N,

NFRIVIKLOD+1)=0

NDFRIVIKILNND+2)=,8

CALL AXTIS{0e90asSHLAMBDA-H4ENDsOe sWV 92004}

CALL AXI1S5{0De900s5HOAMMASIR 38499049 0e948)

NEM(2)Y=END

DFM{3)=FND

NDFM{4) =N

NEFM({51=1,

NDFN(1)=8,

NDEN(?2)=R,

NEN(RY) =P

NEN(SY=T,

CALL LINFINDFMeNFN4351 9050}

CALL LINF(WAVINERTVsKLONs1 405 N)

DEND=FEND/24s =14

CALL SYMBOL(DEND9B6¢259025916HGAMMA COMPARISONSQOes16)

DEAD =FND +7,

CALL PLOTC(DFADS0,.8—3)

CALL LINE(DEMIDENS3+15050)

CALL AX1S(0e90es6MHILAMBDAI~6sENDsOecsWV2004)
THE DFNSITY-WAVFLFNGTH COMPARISON 1S PLOTTED HFRE

RAX=RA (1 sNUIM)

RIN=RA{(141)

DO 17 T=2.KLNN

PAX=AMAXT(RAXSsRA{TsNIM)Y

RIN= AMINT(RINGRA(T,1))

CONTINUFE

RIN=RIN=¢5

MSC =(RAX=RIN 42.)/68

€=M C

SC=8CH*, 1

CALL AXIS(0e90e96HLN (I1)39638e390e3RINsSC)

NENG(KLOD+1)=RIN

DENG6(KLOD+2)=5C

DENS(KLOD+1)=RIN

NFENS (KLAD+2) =S8C

NENG (KL ON4T)Y=RIN

DENL(KLOD+2)=5C

DEN3(KLCOD+1)=RIN

DEN3(KLOD+2)=5C

NENZ2 (KLON4+1)Y=R TN

DENZ (KLOD42)=5C

DENI(KLOD+1)=RIN

DEN1(KLOD+2)=SC

GO TO (16s15914913512+11)sNUM

CALL LINF(WAVIDENGsKLOD 19050}

CALL LINF(WAVSNDFNSSKLODs1s040)

CALL LINE(WAVSDENL4sKLODs190+0)
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14 CALL LINFIWAVeDEN3sKLOD91s0+0)
15 CALL LINE(WAVINDEN2+KLODs130+0)
16 CALL LINE(WAVSDENT+sKLODs1s050)

CALL PLOTC(4049069~3)

CALL PLOTC(0+0+999)

sSTOP

END
SNATA
20
3700611262321 480010404141160699004675606576065040.468044AR0468
3800611702227 8007164041 118069000, 7560¢5T6065040,46BN446RN LR
3900611262321 48B00164N48T1 1160699006 7560¢5T7606504UDJUBBNGLARNLHAR
400061712¢2321680N1040414116069900675606576065N40e468064A80468
410001126232168001440416116069900675606576065040.4680646206468
41806112e232168001e404161160699006475606576C6504044680e468044U68
4200611202501 e818164401,1341404840,7830e594045220,4860.48604,486
630061122501 e6782163681.1161e0080,7740e5940e5220.4860442604486
44006112624116782103861618814071048280464806558065220652206527
4500611221414 7646143681,170160980eB46066480e558065722066722065272
4600611201961 719143141,1431,0890,4792066120.5400,486N44860486
470061121961 468314305141341e062067700e612065040e4590045906459
4800461712,2141,602147232),0440,9540,6930,5400,4500,4140,8140414
4900611240521645R141521,00P0e83704576064160,34204215042150431F
500061116994163591e0800,91806693064232N430606252Ne252062520e252
5100611260521 ,476160350,81006603063690,734N,1980,1980,198N,191
52004112,0881,4581,0800,8640,6120,3420s2160,1800,1800,1800.180
5300611240881,4581¢0800,864066120634204216061800.180041800.18N
5400411240881 6458140800,864066120634204216041800.1800.1800.180
550061120881 ,458160800,86406612063420621601800.1800,1800,180
Te0006e7506¢500602506e¢00056500540004¢5004¢0003e5003000
6 o5 9 1,1 1.5 19 7e3
«75
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369 3 36 % 5 3 % X% N

PROGRAM NUMRFR 4, ASTRONNMY,
CONJERTS MICROPHOTOMETER DATA TO INTENSITY SCALE.

$SIRSYS

o * MOUNT CSC 452 ON A6 RING OUT SAVE

$* MOUNT BFLL 17 ON B6  RING IN

$SATTACH A6

$AS SYSUTS sHIGH

SATTACH R6

AS SYSUTE sHTAH

$IRSYS

SEXFCUTF 1RJOR

SID ReABELL*205/04/026%5M*250P*400C*TAPES

$TRJOP GO SsMAP s SOURCE s BASEIC

$IRFTC SPEC1 LISTsREF 4NODECK sM94 s XR7

C BRITISH GALAXY MAKERS OF NORTH AMERICA INC

C THE FIRST I1-1 RECORDS ARE IGNOREDs RECORDS 11 TO I2-1 CONTAIN

C CALTRRATION DATAs RECORDS [2 TO 13-1 CONTAIN 2ERO LEVEL DATAS

C AND RECORDS 13 TO 14~-1 ARF THF STELLAR DATA.

C THE PROGRAMME ELIMINATES UP TO TEN RECORDS WHICH ARE SPURIOUS FOR

C SOME REASON OR OTHFR, THFSF RECORDS ARE DENOTFD BY 17,

C REMEMBER TO ATTEND TO THE FOLLOWINGesessse

C (A)  MOUNT APPROPRIATE 10CS TAPE ON A6,

¢ (R) PRFPARF DATA CARN FOR 11 TO IFTILF,.

C (C) PREPARFE ANOTHER FOR THE ROTTEN RECORDS.

C (D) PREPARF THE CORRECTION CARDS.
DIMENSICN TEATLE(B80)sZZHT(20)sXBIG(100) sDEX(100)sALAS(100)s17(20)
COMMON NF sNRoLCsDDD (4)9X(1000) sNNF sNNRsNLCsAD(4) 3Y(1000) s IEOF s IERR
1sLOLASICIFFSCALIB(200)sTEMP(2000) sNZEROSZERO(5000) sKLOLAL,BUN(1000)
2 s XXHT (20)

C SPECTAL MOUNT WILSON CALIBREATION PRE APRIL 10 1956

C EIGHT STRIP CALIBRATION SPECTRUM

994

DATA(LZZHT(1)51=198)/0630201903959e5829e¢77T79e9T45161769137/
NOANSL T=1,8

XXHT(T) =10, % %Z7HT(T)

CALL OP

TEOF=0

1ERR=0

" READ(54+2500) (TITLF(1)sl=1,+80)

560

READ(5+1007) IRFEL

CALL BLACK

READ(54+2500) (TITLE(I)51=1+80)
WRITE(642501)1(TITLE(T)sI=1,80)
READ(552500) (TITLF(1)41=1580)
WRITE(642501)Y{TITLF(T)s1=1,R0)
READ(542500)(TITLF(1)s1=1580)
WRITE(642501)(TITLE(TI)s1=1,80)
READ(551029)114512,13,514
WRITE(6+1029)11412e13514
WRITE(6451056)

READ (542500} {(TITLE(I)sI=1,80)
READ(5s2500) ({TITLE(I)s1=1+80)
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READ(5+s1030)KKKs {17(K)sK=14KKK)

17(KKK4+1)Y=T1445
WRITEF(A42501)(TITLF(T1)s1=1,80)
WRITFE(641031)(17(K)YeK=1,KKK)
KA=1]
INIFF=N
LCOUNT=0
TLOLA=0
KLOLA=0
ICOUNT=C
JCOUNT=0
MINOR=1
NZFRO=0
READ(542500){TITLF(I)s1=1+80)
READ(542500)(TITLF(1)s1=1+80)
RFAD(5s 1001 )INCORR 4 JVALUF s XCORR
NN RN3 J=1,10n00

803 7FRO(JI)I=0,

10000 CALL RAg
IF(IERRNFeDeORGIFOFNFEOIWRITE(691029) IEOF s TERR
1FOF=0
TERR=0
IF(NReLT«12)GOTO10000

1 IF(NR<LT«NCORRIGOTNZ20001
TF{NR«GT« NCORRIGOTO20002
X{JIVALUF)Y=XCORR

20002 RFAD(5+1001)INCORRJVALUE s XCORR
GOTN1

20001 IF(NRGNFLIT7(KAYIGATOIN]
KA=KA+1
GO TH 10000

101 LOLA=LC
LOL=LO0OLA-]
NN 86N J=2,L0L
AR=X{J=1)-X(J)
AN=X({J+1)1=X{J)
IF(((ABeGTe540) e AND e {ADeGT¢5e¢0))eORe((ABsLTe~500) ¢ ANDa(ADeLTe
0-5,01)) X{Dr=(X{J41)4X(J=1)Y /2,
860 CONTINUF

C 10001 1S THF ZFRO SFCTION
801 IF(NRLT.I3)GOTOINOOL
C CONVERTING STELLAR DATA TO INTENSITY SCALE
IF{NR.GT413)G0OTO55]
=N,

NO5S0S  J=1,MANOR

505 S=S+ZERO{J)
XMANOR=MANOR
S=5/XMANOR
:.S: g+3 'Y
NOSOA  J=1 ¢MANOR
IF(ZERO(J)2GT«SS)ZFRO(J)=5S

506 CONTINUF

561 NO B40 J=1,L0LA
WK=KLOLA+Y
IFIWK.GTe10611GO TOH 48
HTZERO=7FRO(1)
GOTO4

4B WK=oNS¥YWK+,5



8401

§s0

ARN4

11

920
921

202
9m

10001

APPENDIX D D-3
17ERO=WK
1F(17FROLLTNZFROYGOTOS
ZFERO(1ZFRO)=2FRO( 17FRO-1)
JFRO{T7FRN4LTY=7FRA(TZFERN)
AWK=TZFRN
HTZERO=ZERO( 1ZERO) + (WK~GWK)* (ZERO( I1ZERO+1)-ZFERO( 1ZERO) )
XHT=X(J)=HTZERO
IHT=XHT
WHT=THT
WHT=XHT=WHT
IF(IHT«GT0)GOTO8401
14T=1
WHT=0,

WRITF (A3 T05RINR e Jo XHT
~SOTORLD
TE(THTLTo174)GOTNR40
THT=NHT =1
WHT=l ®
WRITF(691058)NRsJoXHT
X(J)=CALIB( THT ) +WHT* (CALIB(THT+1)~CALTIBLIHT))
RIGA=X(1)

INDX=1

PNBOL J=1,L0OLA
IFIX(J)LT«BIGA)IGNTOBOL
RIGA=X(J)

INDX=J
CONTINUF
INDX=TNDX+JCOUNT
JCOUNT=JCOUNT+LOLA
ICOUNT=T1COUNT+1
XBIG(ICOUNT)=BIGA
DEX{TCOUNT) =1NDX
WRITE(651055)NR
WRITE(641098)NF

JAG=1

MRENZ =20
IF(MBEN7 ¢ GToLOLAYGOTO11
WRITF(651054) JAGs (X (LANCTIA) sLLANCTA=JAG sMBFNZ) sMBEN?
IF(MRENZ EQ.LOLAIAOTNO20
JAG=JAGH20

MBENZ =MRENZ+20
6GOTNO
MRENZ =LOLA
WRITE(651054) JAGs (X (LANCIA) s LANCTA=JAGsMBENZ)
70921 J=1,LOLA

Y =X

TIWK=LOLA+1
IF(IIWKeGTo1000)GOTO901
nNOAN?2 J=T1WKs 1000
Y{Jy=0,

CALL wWRe

CALL MINTM
KLOLA=KL OLA+LOLA .
1F(NR.EQ.14160OTO20000
GOTO10000

THIS IS THE ZERO DATA
CALL SZERO
GOTO10000
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20000 WRITE(6451050)1COUNT

WRITE(T71007)ICOUNT
WRITE(HLIN0NRY(XRTIGA(II) o =1 1COUNT)
WRITF{R4INNAYINDFEX(J) s J=1sTCOUNT)
1CT=TCOUNT-]
Ne 870 J=2,1CT
370 ALAS(J)=(XRIG(J‘1,+XBIG(J)+XBIG(J+1)}/3.
ALAS(1)=(2.,#XBIG(1)+XBIG(2)) /3,
ALASIICOUNT )= (2. %XBIG(ICOUNTI+ XBIG(ICT))/3.
DO 871 J=2,1ICT
871 XBIG(J)I=(ALAS{J=1)+ALAS(JI+ALAS(J+1) )1 /34045
XBIGL1)=(2e#ALAS{1)+ALAS(2)) /344045
XBIG({TICOUNT) = {2 ¥*ALAS(ICOUNTI+ALAS(ICT))}/34+0e5
WRITE(T72007) IXBIG(L) sDEX(L)sL=14ICOUNT)
WRITE(6:1006) {XBIGIL) sDEX(L Yol =15 ICOUNT)
20003 CZALL RAF
WRITE(6+10099INFsNRsX{1)4X(10)sX(50)
IF(IEOF 4NEL0)YGOTO20003
IREEL=1REEL-1
1EOF=0
CALL LST |
IF{IREFLJNELO)IGOTOKS0
20007 CALL CLO
STOP
1000 FORMAT({1Xs1NFR2)Y)
1001 FORMAT(2134F4,,0)
1006 FARMAT(IX$10FR,2)
1007 FORMAT(16)
1011 FORMAT(1XsS5(FT7,72sF0,2))
1079 FORMAT(1X.413)
1030 FORMAT(13/(1013))
1031 FORMAT(1Xs1014)
1050 FORMAT(1Xs16)
1054 FORMAT(IXT1442(1X10F662)s1X14)
1055 FORMAT(12HIRECORD NO.=515)
1056 FORMAT{1H1+26H THFSE RECORDS ARFE REJFCTS)
1058 FORMAT(1Xs2154F144R)
1098 FORMAT(1¥414A)
2007 FORMAT{B(F6.29F7e0))
10079 FORMAT(IXe21693F1N63)
7500 FORMAT(R2NAY)
2501 FORMAT({1IXs80A1)
FND
$IBFTC LEVEL LISTsREFsNODECK sM94 3 XR7
SUBROUTINF S7FRO
COMMON NF sNRsLCsDDD(4)9sX(1000) s NNFoNNRSNLCsAD(4),Y(1000) s TEOF$T1ERR
1+sLOLASICIFFsCALIB(200)sTEMP{2000) sNZEROSZERO(5000) s KLOLASBUN(1000)
2 XXHT(2)
g=0.
NOSON J=14LOLA
RUN(JY=X{( )
500 S=S+X(J))
XLOLA=LOLA
S=S/XLOLA+3,
503 SS=0,
SSN=0,
INDY=0
NOS501  J=1,,L0LA



APPENDIX D D~5
TFRUN(JY . GTSIGOTNOB16
IF(BUN(J)eGTeo05) SSN=SSN+1.
€S=S5S+RUN(Y)
GOTNSN1

516 TNDY=TNDY+1
BUN{JIY =0,

501 CONTINUF
IF{INDY«FQ.0)GOTO8N2
5=55/SSN+3,

GOTO503

507 §5=5-3,
PO 504 J=1sLOLA
TE(X{U) e BToSIX(J) =SS

804 CONTINUFE

10001 TRINZFRNOFNLNIAOTAT00

PO 768 J=1,LOLA
JOZLOLA4TINTIFF 4=
IX=LOLA+1-J

798 X{(J0O) =X JX)
NO 797 J=1sINIFF

797 X{J)=TEMP(J)
LOLA=LOLA+IDIFF
GOTOL10

799 1wWK=0

10 MINOR=MINOR+IWK
TWK=LOLA/Z20
MANNR =M {NOR4& TWK =1
NCOUNT=0
NO 806 J=MINOR sMANNR
NCOUNT=NCOUNT+1
MO=2N#{(NCOUNT=T54+1
MU=MO+16
ZFRT=0D,

NO BN2 JX=MO M|y

802 ZERT=ZERT+X(JX)

806 ZFRO(JI=ZERT/20
IDIFF=LOLA-20#TWK
NO 805 J=141INTFF
JO=20%TWK+]

808 TEMP{J)=X{J0}

T MEOUNT=MCOUNT+1
JZFRO=JZFRO+ T WK
N7 FRA=MANDOR
RFTURN
EFAD
$IBFTC CURVE LISTSsREF:NODECK sM94 e XR7
SUBROUTINE BLACK
COMMON NF sNRsLCsDDD(4)sX(1000) s NNFsNNRsNLCsAD(4)sY(1000),IEOFsIERR
1sLOLASIDIFFsCALIB(200) s TEMP{2000) sNZEROSZFERO(5000)sKLOLASBUN(1000)
2eXXHT(20)
NIMENSTOAN YYHT(20)
READ(S552500)(TITLE(I)sI=1+480)
2500 FORMAT(RNAT)
READ(541008)Y({YYHT(1)s1=148)
1005 FORMAT(8F4,0)
M=D
NO?2 1=15174
X=1



4

10

1000

11

1002

1003

1006
10000

APPENDIX D D=6
TF{XeGTo YYHT (M) }GOTO3

CALIB(I)=XXHT {M=1 )+ {XXHT(M)=XXHT(M~1} ) ¥ (X=YYHT (M=1))/(YYHT(M)=YYHT
{M=11)

CNATN?

M=M4+1

TF(MFQLIIGNATOT0

GOTOL

CONTINUF

WRITE(641000)1

FORMAT(1X+43H CHARACTFRISTIC CURVE EXTRAPOLATFD FROM PT » 19
WK=CALTIR(T=-1)=~CALTIR(]=-2)

NN J=14174

CALIB{J)=CALIB{J=1)4+WK

WRITF(641N07)

FORMAT(1Xs52H FOLLOWING 1S CALIBRATION CURVE FOR MT WILSON PLATES)
WRITF(H641003)

FORMAT(1Xs38H COMPUTFED AT UNIT DEFLFCTION TNTFRVALS)
WRITE(G6,1006)(CALTR(T)1e1=14174)

FORMAT(I1X910F8,3)

RETURN

FND

$IBFTC FIT LISTsREF4NODECK sM94sXR7

1004

50

10
11

1002

1003

SUBROUTINE MINIM
NDIMENSTION XMINM(I10)sXIDA(10)
COMMON NF sNRoLCsDDD(4)sX (1000} sNNFsNNRSNLCsAL(4)sY(1000) s IEOF s IERR

1sLOLASIDIFFsCALIBI200)sTEMP(2000) sNZEROSZERO(5000) sKLOLASBUNI10N0)
2 e XXHT (20

TF(LOLAGTL100)GOTNS0
WRTITF(As1N04)

FORMAT (1Xs24H THE RECORD IS TOO SHORT )
GOTO51

XONE=403%X(1)

D010 I=24L0LA
WK=ARSIX(1)=-X(1))
IF(WKeGT ¢ XONFIGOTNL1
CONTINUE

ICONST=1=~?2
WRITE(6+1002)ICONST»KLOLA
WRITE(741003) ICONST
FORMAT(1X 216}
WLOLA=K| OLA

FORMAT(1A)
LLOLA=LOLA-20

L=1

XMIN=X(20)

INDX=20

DO1 T1=20sLLOLA
TF(XMINGLFX(T))IGNTOY
XMIN=X(1)

TNDX=T

CONTINUF

MINDX=TNDX~10
NINDX=TNNX+10
IF(MINDXelLTe20)IMINDX=20
TF(NINDXeGToLLOLAININDX=LLOLA
WY=4O5%XMIN

DO16 T=MINDXsNINDX
IF(X(I) 4GT4900.160TO17
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16 CONTINUF
GOTO18
17 NN20 T=MINPX s NTNDYX
20 X(1)=50C0,
GOTOA
18 NDO2 T=MINDXsNINDX
WK=ARS(X({1)=XMIN)
IF(WKeLToWYIGOTO3
2 CONTINUE
3 1STOR=1
PN4 T=TSTORSNINDX
WK=ARS{X(T)=XMIN)
IF(WKGTeWY)GOTO1S
4 CONTINUF
15 JSTOR=f1=1
TWK=T1STOR+JSTOR
XWK = WK
XWK =XWK /2,
IWK=TWK /2
XMINM(L) =X ( TWK)
XIDALL) =XWK+WLOLA
NOS T=MINDX sNTNNYX
5 X(1)=5000,
L=L+1
IF(L.LELT7)IGOTOG
C ARRANGING IN SORTED ORDFRsXIDA=DISTANCE s XMINM=RESID INTENSTTY
M=
23 SORTXX=XIDA(NN)
INDX=NN
NO22 1=NN,e7
IF(XIDA(I)eGTeSORTXX)GOTO22
INDX=1
SORTXX=XINA(T)
22 CONTINUE
TEMP1=XTPHA(NN)
TEMP2=XMINM(NN)
XINA{NNI=XTNA(TNDX)
XMINM(NN)=XMINM( TNDX)
XINDA{INDX)=TFMP]
XMINM{ TNNX) =TFMP2
NN =NMN+1
IF(NNsLTo71G0T0O23
WRITE(6+1000) (XMINM(L)sL=17)
WRITE(6s1000) (XIDA(L) sL=157)
WRITE(751001) (XMINM(L)sbL=147)
WRITF(7s1001)(XIDA(L)sL=1s7)
1001 FORMAT(TF9,2)
1000 FORMAT(IXs7F11,3)
DOR LL=1,7
XIDA(L)=XTIDA(LY+WLOLA
B XIDALL)I=4000,+XIDA(L)*,01478
WRITF{651000) {XIDA(L) sL=157)

51 RFTURN
FND
$IBMAP SPEC2 LISTsNODECK sM94 4 X127
A6 FILE UNAG6sUT5sBINSBLK=1007 INPUT
B6 FILE UNB6G sUT6sRIN sBLK=1000sOUTPUT

oP SAVE 4
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TSX NPFNs 4
pzZF A6
TSX oNPEN 4 4
P7F 27
RFETILIRN np
LST SAVF 4
T5X cWEF ¢4
PZE R6
RETURN LST
CLO SAVE 4
TsSX «CLOSE 4
PZF A6
TSX o CLOSE s 4
pP7F RA
RETURN cen
RAA SAVF 4
ABARG TSX sREAD4
PZF A6 s s SYSHMP
PZF FOFAssERRA
10CT YFse1007
A6AL RETURNMN RA6
wR6 SAVE 4
TSX JWRITF 4
p7E RA
INnCT Yss10ONO
RETURN WR6
FNAFA& CLA =7
sTN 1FOF
TRA AGAS
FRRE  CLA =2
5T0 1FRR
TRA ABBE
CONTRL 7/
USFE 77/
YF Ags 1007
NNF RSS 7
Y RSS 1000
1FOF RSS 1
1FRR RGQSG" 1
tsF PREVINYS
NP
SDATA
THE NEXT CARD IS THE NUMBER OF FILES TO BE PROCESSED
000002

TRANSMISSION VALUES OF THE CALIBRATION STRIPS

0026008014 4026e0484080,127e147,

THE NEXT CARD 1S I1s12s13s14, WHERE THE FIRST 11-1 RECORDS ARE IGNORED,
RECORDS 1 TO 12-1 ARF CALIBRATION DATA sRECORDS 12 TO 93 1 ARF ZFRO DATA
AND RECORDS I3 TO 14-1 ARE STELLAR DATA o FORMAT(1Xs413)

NA2NNAaNTEN2A

no2NNLNIEN2620N020000N0

THE NEXT CARD IS Ns(17(K)sK=1sN) WHERE THE N RECORDS FORMING THE ARRAY 17
OMITTED FORMAT(TI3/(1NT13))

nnj

200

THE NEXT CARDS CORRECT DIGITISER FRRORS DO NOT CORRECT RECORDS WITH RFCOR
NUMBER oL TeI2 RECORD NUMBERSWORD NOs CORRECT VALUE FORMAT(2134F440
017676117,



APPENDIX D D-9
20n2nnANT,

TRANSMISSION VALUES OF THE CALIBRATION STRIPS
NN2eNNGa0N5eN0166030e071,1N03,142,

THE NFXT CARD 1S 11912513514 WHERF THF FIRST 11-1 RECORNS ARF [GNORFD,
RFCORDS 11 TO 12-1 ARE CALTRBRATICN DATA sRFCORNDS 12 TO 13-1 ARF ZFRO DATA
AND RECORDS I3 TO I4~1 ARE STELLAR DATA o FORMAT(1Xs413)

002003055102

THE NEXT CARD IS Ny(I7(K)sK=1sN) WHERE THE N RECORDS FORMING THE ARRAY 17 ARE
OMITTED FORMAT(I3/(1013y)

004

nNN3027054093

THE NEXT CARDS CORRECT DIGITISER ERRORS DO NOT CORRECT RFCORDS WITH RFCOPD
NUMBFR oLT.12 RECORD NUMBFR,WORD NO,s CORRECT VALUE FORMAT(213,F4,0
2002NN0NY,
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KRR RN AR

PROGRAM NUMRER 5, ASTRNANOMY,
IDENTIFIES LINES IN STELLAR SPECTRA,

»

«

$TREYS
$*_ MOUNT CSC 2687 ON A6 RING 0OUT SAVE
$* MOUNT CSC 1769 ON B6 BING IN HIGH SAVE
$* MOUNT C€SC 307 ON A5 RING NUT SAVF
%
SDANICE
SATTACH A6
$AS SYSUTE s HIGH
SATTACH R6
$AS SYSUTEsHIGH
$TRSYS
SEXECUTE I1RJOR
$ID DMGOTT#205/702/202%TM%200P%200C*B*T$
SIRJINEB 0O s MAD
SITRFTC POPF LISTeMO4 XR7
DIMENSION SLINE(20053) s CRACK(20) sWCALCI(300+2)9sLCFD(500) >

*#LCMS(500) sW(300+3) s ILINL(200)sC(300)4D(2+25)sXA(1610)sMINS(200),
#KIF(200)sKSTAND(200) s ICALC(300) ¢ XMISSV{4L092) sWAVEL1(150)X1(150),
¥FWAVE2(150)sX21150)sTI(12)sXRIG(10C) sDEX(100)sIREFL(10)
FQUIVALENCF(SLINE(1e1)sY (1))

FQUIVALFENCEL(Y(601)sW{1s1))

COMMON Y(1605)91EOF;‘ERR9XLN¢IDLN’SLN’IDLNXoJEOF,ZLINE,IDLONEyFRAO
%sFGeFHs TIM(2)oX(1610)

COMMON/LC/LCFDsLCMS

C BEGIN SET~UP RERERE 010 HREXER

REAND(5+£679) IFNO?
READ(531011)IKKKs {TREFL(K ) ¢K=14KKK)
CALL HELP(KKKs1s105100)
CALL OP
IFOF=0
TERR=0
JFOF=N
KRFEL =1
JREFL=1
20007 CONTTNUE

’ READ(54203) XBEGsSFCRCT

¥ NNANNAA=1
N 802 1=1,7200

BOY KIF({tYy=n

’ XBEGKP=XRFG
JeTST=0
N 610 1
LCFDI(T)

610 LCMS(1)
NO=0,0
ILINE=0
q{JM‘:O °

21,500
0
0



2

1

(4}

0012

11M

1112

850
851

102
105

691

2101
2102
0000

104

APPFNNIX F
1) NrK=

JOB TERMINATORS

IF({XREG.LTe0s0) GO TO 100
IF{JREEL e GT«KKK}GOTO100

BEGIN FIRST SPECTRUM TAPE POSITIONING

CALL HELP(JREELs1,104200)
IF({IRFFLIURFFL)NF,KRFFLY RO TO 1101
G0 TN 1190

CALL RAG

TE(TEAE . FALN) A TA 1107
1FOF=0

KRFEL=KREEL+1

GO TO 20012

IF(JEOF NF.0) GO TO 850
CALL WIN

GN TO 8%1

CALL WAN

JFOF=0

IFOF=0

TERR=0

JRFFL = IRFFL +1

BEGIN CONTINUUM CARD TNPUT

READ(591009)1(TI(1)51=1512)
READ(542006)LSIN

CALL HELP(LSIN$29100+300)
DO 691 J=1,LSIN
READ(552008)XBIG(J) sDEX(J)

BEGIN SECOND SPECTRUM TAPE POSITIONING

READ(552100) STRTERsIBLSKP+DISPsLENDL
NTSPHN=NTSP

IF{IBLSKP.FQ.0) GO TO 2102

DO 2101 111=1,1RLSKP

CALL RAE

CONTINUE

CONTINUE

CONTINUE
STATEMENT NUMBER 104 IS THE 'BLOCK TRANSFER POINT!
CALL RAR

END OF FILE TERMINATION CHECK

IF(IBLOCK«GTsLENDL) IEOF=3
IF(IEOF4NE.O) GO TO 103

BEGIN NORMALIZATION TO CONTINUUM LEVEL

IF(IBLOCKeNEel) TLINF=ILINE+JUWK
JWK=Y(1601)

B2

HERKEN ()0 FeHunrn

HERRXE OF() KAKNEHR

EARERE 4L FREXRR

RREREX O5() FAEXXE

RERJER QLD HHEXRR

REXRRER QT FRFEERR

RAREER OB RHKEEHN
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JWKHD = JWi
CALL HFLP(UWK 118NN 400)
NN & J=1 WK
7200=TLINE+Y
IF(ZO0LTDEX(1)) GO TO 699
. IF(ZO0GTDFX(LSINI) GO TO 698
1PS=n
697 1PS=TPS+)
X CALL HELP(IPSs1+1005500)
IF(DFX(TIPS) oL TeZ001GO TO 697
ALAS=XBIG(IPS=1)1+(XBIG(IPS)=XBIG(IPS~1))%#(Z00-DEX(IPS=1))/
TINEX{TIPS)=PFX(1PS=1))
GO TO 666
699 ALAS=XRBIG(1)=(XBIGI2)=XBIG(1))*(DEX(1)=Z00)/(DEX(2)=DEX(1))
a0 TN A4
698 ALAS=XBIGILSIN)I+(XRIG(LSIN)=XBIG(LSIN=1))*(Z00=DEX(LSIN))/
6(DEXILSINI-DEX{LSIN-1)) ‘
696 PT=XBEG+FLOAT(J)*DISP
IPT=pT*1OOoO+005
TPTA=IPT=(IPT/1000)%1000
TELIPTALGT.6) GO TO 860
IPTR=(IPT~(IPT/10000)*10000-1PTA) /1000
IF{IPTBeEQe{IPTB/2%2))GO TO 860
ALASHD=ALAS=FCRCT
860 CONTINUF
TFIY(J) oGTLALASIY(J)=ALAS
TF(Y(J)aLTe0e001) Y(J)=STRTFR
4 X(J)=(Y(J)-FCRCT)/(ALAS~FCRCT)
GO TO 1)

EOF BROOKKEEPING —= NOT PART OF MAIN PROGRAM FLOW HERRXE QO HHHFXE

103 CONTINUF
1EOF=0 A
KREFEL=KREFL+1
CALL wCour
GaN TN 20012

1on CALL CLO
sSTOP

101 CONTINUE

DATA SMOOTHING RERRER 100 *%XAAE

DO 135 1U=15200
135 MINS(IU)=0

NMINS=0

’ M=y

» {P=st
TMD = TMLY

" IPM=JWK=TP

IRUN=TP=TM4]

CALL HFLP(IMP4319160061)
CALL HFLP(IPMs1451A00+101)
DO 110 1=z1IMP,IPM

SSiM=0,

1G=1+1IM=1

PO 111 K=1,TRUN

KA=1G+K



M
112
110

270

118

116
114

121

118

117
119
124

APPENDIX F

CALL HFILP(KAs141600s2N01)

CSIM=GG M+ X (KA)
XA{T)=SSUM/FLOAT(TRUN)
CONTINUF

XMN=1

XMX=0

JWKM= JWK =50

CALL HELPIJUWK $11600+2)
NO 270 1=50¢JWK

IF{XA (1)eGToXMX) XMX=XA (1
TF{XA (T)aLTeXMN) XMN=XA |
XSTOP=XMX=N,s 15# ( XMY~XMN)

g
-

BEGIN LINF CFNTFR FINDING

J=1

NO 114 1=6+1595

IM=T=1

iP=1+1

TFIXA (T)sLTeXA (TM) ANDGXA (T).LFeXA (TP)Y) GO TO 115
GO0 TO 116

MINS({J) =T

J=J+1

CONT T NUFE

CONTINUF

NMINS= o]

CALL HFELP(NMINS31520043)
NO 117 J=2sNMINS
CONTINUE

JRG=MINE(J=-1)
JFD=MINS ()

XMzl o1

CALL HELP(JUBGs1921600s4)
CALL HFLP(UJUENs1+1600s4)
PO 118 JA=JRGs JFD

IF(XA (JAYGF s XM) XM=XA (JA)
CONTINUF

XCA=XA (JRGI+,073

XCB=XA {(JED)4+,03
[TF{XMsGT e XCAAND e XM GTeXCRY GO TO 117
JKEP=JRG

IFIXCALGFEXCR) JUKFP=JFD
MINS{J=1)=JKFP
IF{JGFNMINS) GO TO 119
JP=J+1

CALL HELP(JP31s20095)
CALL HELP(NMINSs1:20045)
NO 120 JR=gP NMTING
MINS(JR=1)1=MTINS{ Jr)

CALL TiMmF
IF{TIM(1)alLTe200) STOP
NMING=NMTNG=1

GO TO 121

CONTINUE

CONTINUE

CONTINUF

IF{IFND3,FQe1) GO TO &678
CALL HELP(NMINSs1520046)

ERERER 110 FERFERERE



140

133

125
122
6678
141

174
173

176

202

APPENDIX
NO 122 121 4NMINS
MINSM=MTNS( 1)
CALL TIMFE
IF(TIM(1).LT420640) STOP
CALL HFLP(MINSM,1,1600s7)
IF(XA (MINSM)LT+XSTOP) GO TO 125
IP=1+1
IF(T«NE.NMINS) GO TO 140
MINS(I1)=0
NMINS=NMINS~1
6O TN 141
CONTINUYFE
CALL HF1.P(IPs14200n48)
CALL HFLP(NMINS,1,4,200,8)
DO 133 TA=1PyNMINS
MINS(TA=1)=MINS(TA)
NMINS=NMING-1
6N TO 124
CONTINUF
CONTTNUF
CONTINUE
CONTINUF

BFGIN CENTRAL NEPTH DFTERMINATION

CALL HELP(NMINS314200+9)

DO 123 T=14NMINS

SLINE(T 42)=MINS(T)

SLINE(I42)=XBEG +FLOAT(MINS(I))*DISP
SLINE(200s2)=NMINS

NT=SLINE(200+2)

CALL HFLP(NTs1+100510)

DO 173 1=1,4NT

IVWMIN=(SLINF(T93)%3,0+SLINE(T-193))/4.0

IF(T1.FQal) TVWMIN=5

TVWMAX=(SLINE(1s31%3,0+SLINE(T14+1+3))/440

IF(T.FQNT) TVWMAX=JWK=10
VAL=? .00

CALL HELP(IVWMINs151600511)
CALL HFLP(IVWMAXs151600511)
DO 174 J=TVWMINsTVWMAX
IF(VAL.LTeX (J)) GO TO 174
VAL=X(J)

CONTINUF
SLINE(14100s3)=VAL

NO 176 1=1,99
SLINE(143)=SLINE(T+100s3)

BEGIN SEARCH LINE SUB-ASSEMBLY
IF(IBLOCK.NE.1) GO TO 200
REGIN TAPE INPUT OF SEARCH LINES
NPTS=JWK
XEND=XBEG+FLOAT(NPTS)*DISP
CALL RAS
TLN=XLN
[FIXLNsGEXBEG) GO TO 201
CALL RAS
a0 TH 200

£

REREAR 100 *%

¥HHEER 130 *n

EERRER 140 %

il



201

203

204

200

205
2N6

207

208
300

209

APDENRTX F
CONTINUE

IF(XEND GEXLN) GO TO 2073
NLINFS=0

WRITF(64500)

GO TO 5%9

CONTINUE

NO 204 1=1,300

CALL RAS
WCALC(Is1)=XLN
WCALC(1,42)=SLN
ICALC(1)=1DLN

GO TO 300

CONTINUF

NO 205 121,200
IF(WCALC(I51)GE«XREG) GO TO 206
CONTINUF

11=1

T1=11-20

IF{I1eLEL0) 11=2

J=1

CALL HELP(I1515300412)
DO 207 1=11+300

CALL HFLP(Js19300413)
WCALC(Js1)=WCALC(To1)
WCALC(Js2)=WCALC(T42)
TCALC(JY=TCALC(T)
J=J41

CONTINUF

CALL HFLP(Js15300414)
WCALC (Js1)=XLN
WCALC(Js2)=SLN
1CALC(J)=1PLN

J=J+1

CALL HFLP(J315300515)
NO 208 120,300

CALL RAS
WCALC(T 1) =XLN
WCALC(T42)=5LN
TCALC(T)Y=TDLN
CONTINUF

CONTINUE

CALL TIMF
IF(TIM(1)eLTe206) STOP
NLINES=300

BEGIN SEARCH LINE SORT (BY STRENGTH)

XZ=XEND~»1 40

XY¥=XBEG+140
NN=FLOAT(NMINS}#0,75+065
DO 209 1=14300
W(ls1)=2WCALC(1,2)
WTe3¥=WCALC(Ts1)
W(T+2)=FLOAT(1)+0,1

DO 210 1=1,299

1P=1+1

PO 210 J=1P+300
IF(W(TI9s1)eGTeW(Js1)) GO TO 211

B-6

ERERER 150 *x*
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NN 216 M=1,413
WT=W{TsM)
W(TsM)=W{ JoM)
Wl JeMy=WT
216 CONTINUF
211 CONTINUF
210 CONTINUF

BEGIN FINAL SELECTION OF SEARCH LINES HEEXRKRE ] *H

J=1
L=0
CALL TIMF
IF(TIM{1)eLTe5.0) STOP
21?2 CONTINUF
CALL HFLP({Js1+300,16)
IFWI{Js2)eLTeXYeORuW{Js3)aGTeX2) GO TO 213
IF{LNELO)Y GO TO 214
SLINE(]1s1)=W(Je3)
ILINL(1)Y=W(Js2)
L=1
GO TO 218
214 CONTINUE
CALL HELP(1Ls15200,18)
NO 217 M=l .0
CALL HFELP(Js14300,417)
IF(ABS{W(Js3)=SLINE(Ms1))elLTe0e2) GO TO 218
217 CONTINUFE
6N TN 219
213 CONTINUF
218 J=J+1
IF(JeGTL300) GO TO 220
GO TO 212
219 CONTINUE
CALL HELP(JUs19300+19)
CALL HELP(L+1s200+20)
SLINF{L+Ts1)Y=W(Js2)
TLINL(L4+1)Y=W(Je2)
L=L41
J=J+1
IF(JeGTL300) GO TO 220
215 CONTINUF
IF(L.GE,NN) GO TO 220
GO TO 21?2
220 CONTINUF
SLINE(200s1)=NN
569 CONTINUF

BLOCK TFRMINATION IF NO LINES IN DATA ERREEE 170 ¥

IF(NLINES«NE.O) GO TO 704
TRLOCK=TRLOCK+]
XBEG=XBEG+DISP*#FLOAT ( JWK)
TLINE=TLINE+JWK
GO TO 104

704 CONTINUE

DETERMINATION OF AVERAGE STRENGTH OF FOUND LINES *rERER 180 k%



312

313

160

171
170

12600

1201

1212

APPFNDIX F

CtiM=n N

NA=SL TNF(2NNs2)

CALL HFLP(NAs15200521)

NO 312 TA=14NA
SUM=SUM+SLINE(TAs3)
AVERA=SUM/FLOAT{NA)

SiiM=n

DO 313 1A=1+NA
SUM=SUM+ARS(AVERA=SLINE(TA3))
FRMEAN=SUM/FLOAT(NA)
WRITF(64+314) AVFRASFRMFAN

BEGIN PRELIMINARY ZERO POINT CORRECTION

F=0,15
NON=SLINFE(20051)
IF(NONLLT.5) GO TO 187
NTW=SLINE(20052)
GF=0,

Q=0.15

L=136
TF{TRLOCKF,1) O
[F{IBLOCK.FQsl) L
(351" F1a

CALL HELP(NTWs1+200:22)
CALL HFLPB(NNNe1+20Ns23)
NO 170 T=1,NTW

NO 17T J=1NON

=105
=]

SUM=SUM+1 60/ ( E4+ABSI{SLINE(Js1)=SLINE(1+2)4Q))

CONTINUFE

CALL HELP(L+1+300424)

C{L)=SUM

L=t+1

Q=Q=0,01

IF{L.FN«301) GO TN120D

TF(LFQ.166AND TRLOCKNF,1) GO TO 1200
a0 TO 189

YF==0Q00,

NOIZAT T=1,300

IF((1elLTe13660ReT1o6GTo165)1ANDIRLOCKNEL1) GO TO 1201

IF(C({TI)LT,YF)} GO TO1201
YF=C(1)
ON=1,51=0,01%FLOAT(T)
CONTINUE

WRITE(661202) QN
NNSAVFE=0N

BEGIN LEAST SQUARFS CORRECTIONS

NT=0

DO1203 1=1,NON

NO1204 J=1,NTW
HS=SLINE(TIs1)=SLINE(Js2)+QN
HSV=ABS (HS)
IF(HSVeCGT«0.125) GO TO1205
NT=NT+1 ,

CALL HELP(NT+1425,25)

E-8

REERAR 190 HRH

HXRENRE DO *X
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ND{TeNT)I=SLINF(T1s1)
NDE2sNTI)=HS
GN TN12013

1205 CONTINUFE

1704 CONTINUF

1203 CONTINUF

14752 CONTINUF
NO1206 T=14NTW
SLINE(1,2)=SLINE(T142)=QN

1206 CONTINUF
CALL HELP({NT+1+25426)
NO1207 T=1sNT
N(l1eT¥=N({1,TV=XRFA

1207 CONTINUF
cA=N,
SB=0,.
§C=O.
<D=no
NO1208 T1=1eNT
SA=SA+ND{(1s1)
SA=SR4N(247)
SC=SCH+D(1+1)%%2

1208 SD=SD+D(1s1)1%¥D(2,51)
FMF=SD=~SAXSB/FLOAT(NT)
FMF=FMF/(SC~SAXSA/FLOATINT Y)Y
FMFESV=FMF
FMS={SR=-FMF*SA)/FLOAT{(NTY
WRITF(641209) FMF,FMS
NOTI2TT T=7NTW

1211 SLINE(TI 92)=SLINE(T192)+FMF/1.5%(SLINE(]«2)-XBEG)+FMS/1.5
QN=O.
DISP=DISPXR (1, 04+FMF/1,5)
XBFG=XBRFG+FMS/145
XBEG=XBEG~QNSAVE

187 CONTINUFE

C ADDITIONAL SET=UP EEXERE D10 ERE AR

IF(IBLOCK.EQel) XRFEGKP=XBEG
WRITE(645) (TI(IT)sII=1+12)sIBLOCKsXBEGsDISP
NRR=SLINE(200+2)
NR=SLINE(20041)
321 SUML=0,
XNMISS=0,

“C BEGIN MATCHING OF LINE WITH ION HERRER 200 ¥nFEnR

CALL HELP(NRs1s200627)
NA 177 K=1,4MR
IF(KNFL1Y GO TO 1R
PO 183 L =1,30N0
183 TF{ABSISLINE(Ks1)=WCALC(L+1))elLTe0.0005) GO TO 184
184 LHOLD=K
186 ICALCX=TLINL(LHOLD)
CALL HELP(LHOLD»1+200+28)
1CALCX=1CALC(ICALCX)
GO TO 185
132 LHOLD=LHOLN+]
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GO TH 126

185 CONTINUE
BEGIN LINE IDENTIFICATION (FIRST PASS) RRRERN D3N HRKR

DCRIT=0,075
CALL HELP(NRR$145199,+29)

386 NO 178 L=1sNRR
CALL HELP(ICALCX91+5005129)
DIFF= ABS(SLINE(Ks1)=SLINE(Ls2))
IF(DIFF(LESDCRIT) GO TO 179

178 CONTINUF

311 6O TO 120

179 CONTINUF
WRITE(696) SLINF(Ks1)sSLINF(Ls2) 9 ICALCXsSLINFE(L3)
LCFD(ICALCX)Y=LCFD(TCALCX)+1
KIF(LY=1
IF{DIFFeGT«0.031) GO TO 1222

1222 CONTINUF
DIFFA=ARS(SLINE(Ks1)=SLINE(L+1,+2))
IF(DIFFALGTDCRITY GO TO 322
WRITE(65318) SLINF(Ks1)sSLINE(L+192) s ICALCXsSLINF(L+143)

32?7 CONTINUF
SUML=SUML+SLINF(L ,3)
GO TO 181

180 CONTINUE
WRITE(64+7) SLINE(Ks1) s ICALCX
LCMS(ICALCX)=LCMS(TCALCX)+1

323 XNMISS=XNMISS+1.0

131 CONTINUF

177 CONTINUE

BEGIN MISFIT CHECK RERRRE D4() RX¥D

XNRR=NR
XNRR=XNRR¥*0 o4
IF(XNMISS.LT«XNRR) GO TO 315
WRITF(6+316)
IF(FLOAT(NR)=XNMISS) 34093154340
340 ERCX=SUML/{FLOAT(NR)=XNMISS)
WRITE(64411) FRCX
315 CONTINUE
WRITE(64203

CALL HELP(NRR»15200530)
NO1500 1T=1-NRR
IF(KIF({T1)«FQel) GO TO 501
K=1
J=1
505 WMAY=WCALC(Js1)
CALL HELP(J319300431)
IF(ABS{WMAY=SLINE(1+2))eLTe0.05) GO TO 503
IF{WMAY . GT.SLINE(T1+2)) GO TO 504
J=J+1
IF(JsFQs300) GO TO 504
GO TO 508
503 KSTAND(KY=J



504

508
507

510
509

506
501
1500

670

672

APPFNDTIX F 11
CALL HFLP(K+192004532)
K=K+
J=J+1
GO TO 508
KTOTAL=K=1
IF(KTOTALLEQsO) GO TO 506
KBIGG=1
IF(KTOTALWLEQel) GO TO 507
CALL HELP(KBIGGs1+200+33)
DO 508 KINM=24KTOTAL
CALL HELP{KIDNs1s200s34)
KSTONE=KSTAND(KBIGG)
KSTTWO=KSTAND(KINN)
CALL HELP(KSTONFE»14300435)
CALL HFLP(KSTTWO9143004+36)
IF{WCALCIKSTONF22)«GTJWCALC(KSTTWOS2)) GO TO 508
KRIGHR=K INN
CONTINUF
CONTINUF
KTHREE=KSTAND (KRIGG)
WRITE(696) WCALCIKTHREE 91) sSLINE(I62) s ICALC(KTHREE) sSLINE(143)
CALL HELP(KTOTAL$19200+37)
DO 509 1A=1.KTOTAL
IF(TALFNWKBIGG)Y GO TO 510
KEAUR=KSTANN(TA)
CALL HFLP{KFNURs1+4300438)
FACTOW=WCALC(KTHREF 42 )=WCALC(KFOUR2)
WRITE(64+4318) WCALC(KFOUR 1) ¢SLINE(T192) s ICALC(KFOUR) $FACTDW
CONTINUF
CONTINUE
GO TO 501
WRITE(6921) SLINE(Is2)sSLINE(I+3)
CONTINUF
CONTINUFE

BEGIN OUTPUT PHASE HERERR DO HREX®

CALL HELP(NRR+19200+39)
X{16N01)=FLOAT(JWKY+0 41
X{1602)=FLOAT{TRLOCKY+0,1
X{1603)=XRFG

X(1604)=ALASHD

X(1605)=n1SP

CALL WRe

WRITE(6481) IBLOCKsJWK9sXBEGIALASHD
DO 670 1=1,20
CRACK(1)=(FLOAT(I1)=1,0)*DISP
WRITE(6+82) (CRACK(I)s 1=2,520)
NO 671 1=1,80

TF(MOD(1s5)eNEL1) GO TO 672
WRITE(6483)

CONTINUE

TONF=(1=-1)%20+1

ITWO=TONE+19

IF(IONEL.GT.JWK) GO TO 671
AONE=XBEG+FLOAT(IONE) *DISP-DISP
ATWO=XBEG+FLOAT({ITWO) #DISP~-DISP
WRITE(6984) AONESIONE+(X(J) 9o J=TONESsITWO) s ITWOSATWO
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671 CONTINUF

C SET-UP FOR NEXT BLOCK AND TRANSFER ERRERE DT, Fxi

DO 511 1=1,200

511 KTF(1)=0C
WRITE(7,480) IBLOCKsXBEG
WRITE(6422)
IBLOCK=1BLOCK+1
XREG=XREG+N TSP#FLOAT ( JWK)

GO TO 104
5 FORMAT(1H1,12A6/14HOBLOCK NUMBER 512/14H ZERO POINT = 4F7.2/14H DI
#SPERSION = 4FB8,6///35H SEARCH FOUND ION INTENSITY/)

6 FORMAT(IH oF7e292Xo1XsFTe2e3Xs1332XsF%543)
7 FORMAT(1H oFT7e293X9e3HN/FsT7XsI3e2X)
20 FORMAT(IWN///7/12H SFCOND PASSY /)
21 FORMAT(IXs3HN/ToT7XsFT6293Xs3HN/A92XeF5.3)
22 FORMATY(IHWONZ/27)
B0 FORMAT(1291XsFT7e2:60Xe1H4)
81 FORMAT(THIBLOCK »13/18H NUMBER OF POINTS +14/22H BEGINNING WAVELEN
¥GTH oFT72/11H CONTINUUM sF9,3///)
82 FORMAT{IHO915Xs5H4+600 s9(1H+9F3¢291X)s1Xs10(1H+9F3e241X)/)
83 FORMAT(1H )
B4t FORMAT(1XoFT7e262X01492X310(Fh422s1X)s1Xs10(Fbe2s1X)s1Xolb42XsFT7e2)
202 FNRMAT{F10,291XeFhe3)
314 FORMAT(30HOAVERAGE INTENSITY OF LINES = sF4e2923H AND MEAN DISPERS
¥TON = ¢F5,.,3)
316 FORMAT{15HOPOSSIBLE FRROR)
318 FORMAT(4H OR oF7e202XsFB8e283Xs1392X9F5e3)
402 FORMATIIH sFT76292X91XsFT7e293Xs1392XsF5e63+46Xes1H1Y
403 FORMAT(4H OR 3FT76e292XsFBe293Xs1392XeF563545Xs1H2)
404 FORMAT(IH 9FT76293Xs3MN/FsTXs1392Xe53Xs1H3)
411 FORMAT(41HOAVERAGF INTENSITY OF IDENTIFIED LINES = +F54¢4)
500 FORMAT(10H RETURN A )
1001 FORMAT(1Xs16H MEAN DISPFRSTON)
1002 FORMAT(1XsF2048)
100a FORMAT(12AA4)
1011 FORMAT(T13/(1N13))
1090 FORMAT(1H +2F15,5)
1202 FORMAT(26HOPRELIMINARY ZFRO POINT CORRECTION =,4,F7,2)
1209 FORMAT(20HOTRANSFORM COFFFSe sFTel&s2XaFTa4)
2006 FORMAT(164) '
2008 FORMAT(2F102)
2100 FORMAT(FT7els1Xo1331XeF106691Xs13)
2110 FORMAT(1X91492X210(Fa44291X)s1Xs10(Fb4e2s1X)s2Xs14)
6679 FORMAT{11)
FNBD
$IBFTC CRUTCH LISTsM94,XR7
SUBROUTINE HELP(INDEXsIAIB,4N)
IF(INDEX e GE e TAAND INDEXLFoIBR) RETURN
WRITF(641) N
1 FORMAT{IHILT13)
CALL LCoOuUT
STOP
FND
$IBFTC FINIS LISTsMO4 4XR7
SUBROUT INE LCOUT
COMMON/LC/LCFDI(500) sLLCMS(500)



APPENNTX F
WRTITE(A4811)
611 FORMAT{12H1ION SUMMARY///44H 10N FOUND
* ENLIND/ /)
NO 612 1=1+500
LTOT=LCFD(I)+LCMS(])
IF(LTOTEQ.0) GO TO 612
PER=FLOATI(LCFN(T))Y/FLOAT(LTOT)*#100,0
WRITE(64613) I4LCFDII)sLCMS(I)sLTOTHPER
613 FORMAT(1X913e1T7s218s7X%XsF541)
612 CNANTINUFE

RFTURN
NN
£ IRMAP ARAF1] LISTsRFF4NFCKsMO4 4 XRT
A5 FILE UNAS ¢ CK1 sBINSBLK=4004+ INPUT
A6 FILE UNABUITS gRINs8LK=1605 INPUT
B6 FILE UNB6sUT6sBINBLK=1605s0UTPUT
FNTRY op

ENTRY CLO
ENTRY RA6

op SAVE 4
TSX e OPFRN 4
p7F Ab
TSX s OPFNo 4
PZE A5
TsX s DPFN 4
D7F RA
RFTURN 0P

cLo SAVF 4
TSX eCLOSF s 4
PZF A5
TSX o CLOSF o4
PZE A6
TSX «CLOSEs4
p7F 2F )
RFTURN CLO

RAS SAVF 4

ABS TSX e RFANs 4
pZF A5 5 5 SYSHMP
P7ZFE- FOF5 s sERRS
10CT WLINEseG

ASAS RFTURN RAS

EOF5 CLA =1
STO JEOF
TRA AS5AS

FRRS CLA =1
STO 1ERR
TRA A5S§

WAN SAVF 4
TSX eRSF et
PZE A5552
RETURN WAN

WANY SAVF 4
TaX e RSF o4
DZF Abos?2
RETURN WANX

WIN SAVE 4
TSX RS o4

PZF A54¢41

MISSED

TOTAL

E-13

PFR CENT
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RETURN WIN

TIMF SAVF 4
CLA 5
coM
LRS 8
ORA CCe?
STO SFC+1
CLA CCe3
LLS 8
FAD SFC+1
FnP 2600
CLA SFC
STN SFC
FSR SFC
570 SEC+1
RETURN TIME
RA6 SAVE 4
A666 TSX sREAD G
o7¢ A6 o o SYSNHMD
PZE EOF6ssERRA
10CT Ye91605
A6AL RETURN RAG6
FOF 6 CLA =2
STO tFOF
TRA AGAG
FRR6 CLA =2
STO 1FRR
TRA ARAA
WRA SAVE 4
TS8X oWRITFE 94
PZF R6
10CT Xos16N5H
RETURN WR6
CONTRL 7/
USFE /7
Y RSS 1605
TFOF R&S 1
IFR® RSES 1
WLINF Req 4
JEOF  nee 1
ZLINF BSS 5
SEC BSS 2
X RSS 1605
USE PREVIOUS
FND
$NDATA
0
nni
no4
000375050 NN, TOA
ALPHA BOOTES~-1 AUGUST 7+ 1968 (AeMsg) FILE 1 CONDENSED FILE 4
onoon3

0000003,22 0OC800.00
000000500 10800,00
000000983 22400,00
00,7060 000 000,014280 099
=999999,99

0



